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ABSTRACT
Reactions of C-phenyl-N-methylnitrone and other dlsubstltuted 
nitrones with many monosubstltuted alkenes have been reported In the 
Literature. The only products of these reactions are the ^substituted 
Isoxazolldlnes regardless of the nature of the allcene. Sterlc arguments 
have been proposed to account for these results. We have Investigated 
the reactions of the sterlcally unencumbered N-t-butylnltrone to demon­
strate that electronic effects defined by frontier orbital theory and 
not sterlc effects control regloselectivlty In nltrone cycloaddltlons.
N-t-butylnltrone was reacted with the following alkenes: 
nltroethylene, methyl acrylate, methyl methacrylate, acrylonltrlle, 
methacrylonltrlle, 1-acetoxy-l-cyanoethylene, styrene, ar-methy 1 styrene, 
trans-fl-methylstyrene. phenyl vinyl sulfide, lsobutyl vinyl ether, 
vinyl acetate, and lt-phenyl-l-butene. Only the ^-substituted Isoxazo­
lldlnes were formed. This type of product Indicates that sterlc ef­
fects do not control regloselectivlty. N-t>Butylnltrone was also re­
acted with the following alkenes and alkynes: phenylacetylene, 5-
phenyl-l-pentyne, methyl trane-crotonate. methyl trana-clnnamate, and 
trane-crotonaldehyde. The dlsubstltuted alkenes gave a mixture of 
regiolsomers for each reaction. Phenylacetylene gave 2-t̂ -buty 1-5- 
pheny 1-A4- lsoxazollne and 5-pheiqrl-l-pentyne gave only l-t-butyl-2- 
(U-phenylbutyryl)-azlridlne.
Frontier orbital theory predicts that very electron deficient 
alkenes and alkynes should show a loss or reversal of regloselectivlty 
In reactions with nitrones. In accord with these Ideas, reactions of 
N-t>butyl nit rone with cyanoacetylene, ethyl proplolate, and phenyl
lx
vinyl sulfone gave a mixture of the It- and *>-substituted Isoxazolldlnes 
and Isoxazollnes. Similarly, the reaction of C-phenyl-N-methylnltrone 
and phenyl vinyl sulfone gave a mixture of reglolsomers. Reactions of 
C-phenyl-N-methylnltrone with cyanoacetylene and nitroethylene were 
regloselectlve for the formation of the ^substituted isoxazollne and 
lsoxazolldlne, respectively. These results are uniquely compatible 
with a frontier orbital theory Interpretation of regloselectivlty.
N-Jt-Butylnltrone reacts with 6,6-dlmethylfulvene, 6,6-dlphenyl- 
fulvene, and 6-methyl-6-phenylfulvene to give 1:1 and 2:1 adducts. The 
1:1 adducts are only the thermally allowed [1h-2] cycloadducts. Reactions 
of C-phenyl-N-methylnltrone with these fulvenes also ganre the thermally 
allowed 1:1 adducts. The periselectlvlty of these reactions is shown 
to be compatible with frontier orbital theory.
x
I. INTRODUCTION
PART A 1,3-Dlpolar Cycloaddltlons
A 1,3-dlpole Is deflnad as a formally saltterIonic molecule, 
a*b— c~, which undergoes 1,3* addition to an alkana or alkyne, d**e, 
(the dlpolarophlle) to form a fIve-membered ring heterocycle.1 Reac­
tions of 1,3-dlpoles with dipolarophlles have been developed Into 
generally useful methods for flve-membered heterocycle syntheses be­
cause many 1,3-dlpoles are readily available and are reactive with 
most alkenes and alkynes.
In 1938> Smith2 reviewed the available data on 1,3-additions 
without distinguishing between cycloaddltlons and additions of bases, 
H-B. Only a few papers on 1,3-additions appeared In the literature 
during the next twenty years. In 1957, Hulsgen and coworkers began ex­
tensive studies which have led to a clear classification of dipolar re­
agents and to a recognition of their synthetic utility. The two all­
octet resonance forms of the most common 1,3-dipoles are shown In
Table I.3
The mechanisms of 1,3-dlpolar cycloaddltlons have been tho­
roughly Investigated. Additions of 1,3-dipoles to alkenes are stereo- 





r-c«5-cr2 <— — > R-C-5-CR2
R-C^-NR <— — > R-C-fc-NR
R-Cdfr-O <— — > R-C-fc-0
Dlazonlum Betalnes
N^-CR2 <— — > fi-fc-CR2
Najfr-NR <— — > n«4-nr
Najfr-0 <— — > n4 - o
Azomethlnlum Betalnes
RaC-#(R)-CR2 < — — > r2&-A(r)-cr2
RsC-#(R)-NR < — — » r2c-^(r)-nr
R2C-t(R)-0 < — — > RsC-^Rj-O
Oxvaenated Dlnoles
R^O^CRs <— — > R2C-^"CR2
RsC-5-NR <— — > RsC-5-NR

















and additions to trlenes hava boon observed.4 Solvent
polarity has little effect on reaction rates, and 1,3-dlpolar cyclo­
addltlons have small activation enthalpies and large negative activa­
tion entropies. These facts are considered totally compatible only 
with a concerted four-center mechanism. s»°
The experimentally observed regloselectivlty (selectivity in 
the direction of addition to an unsysnetrlcal alkene or alkyne) of most
1,3-dlpolar cycloaddltlons has been the most difficult phenomenon to 
explain. The reaction of nitrones (1) with monosubstituted alkenes (2)
Z Z
k  I  X
Is exemplary of the phenomenon. Prior to our work, nltrone cycloaddl­
tlons to unsymmetrlcal alkenes had always been observed to give the 5- 
substltuted Isoxazolldlnes (3) regardless of the nature of the alkene 
substituent, Z.
Firestone7 proposed a diradleal mechanism to account for 
thesa observations; however, Bulsgen5*8 has convincingly argued that 
the mechanism of nltrone and other 1,3-dipoLar cycloaddltlons is 
generally concerted. In the absence of a stronger argument, Bulsgen8 
has proposed that sterlc repulsions between a carbon substituent on the 
nltrone and the alkene substituent, Z, favor formation of the less 
sterlcally hindered 5-substltuted lsoxazolldlne (3). Houk et al..10 
have recently proposed a qualitative theory to rationalize reactivity,
k
regloselectivlty , and parlaalactlvity In 1,3-dlpolar cycloaddltlons.
Tha theory suggests that regloselectivlty Is produced by electronic 
rather than sterlc factors. The first goal of this research was to 
test this Idea for one class of reactions of this type, the cycloaddl­
tlons of nitrones. To this end, reactivity and regloselectivlty studies 
for reactions of alkenes and alkynes with the sterlcally unencunbared 
N-£-butylnltrone (JL, Ri“Rg“H, R3"t.-butyl) and with £7phenyl-JJ- 
methylnitrone (1,, R^H, R^Ph, R3*Me) were carried out.
perlselectlvlty (selective fomatlon of one of the thermally allowed 
products) in nltrone cycloaddltlons. To this end, the cycloaddltlons 
of nitrones with fulvenes were Investigated. Fulvenes (4) are cyclic 
trlenes which generally exhibit strong "oleflnic character". They have
been used as the subject of numerous theoretical and synthetic studies.11 
No reactions of fulvenes and nitrones have been reported In the litera­
ture. Orbital symmetry selection rules clearly predict that concerted 
reactions may occur between fulvenes and 1,3-dlpoles. The thermally 
allowed products for the reectlon of a fulvena with a 1,3-dipole, 
a*b— c , are shown In Figure 1. Orbital symmetry selection rules do 
not reveal which of the several possible adducts is most favored.
Bouk at al.,10 have recently applied perturbation theory to the
A second goal of this research was to study the phenomenon of
k
Figure 1. The Thermally Allowed Products for 
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prediction of the no at favored adduct in these reactions. To confirm 
these predictions, reactions of N-£-butylnitrone and C-phenyl-H-methyl- 
nltrone with 6,6-dimethyl-, 6,6-diphenyl-, and 6-methyl-6-phenylfulvene 
were investigated.
PART B Structure end Synthesis of Nitrones
The synthesis of azoaethlne .N-oxides (nitrones) was first
reported by Beckmann In I889. Nitrones were formed In the attempted 
O-alkylatlon of oxlmes.12 In 1916, Pfeiffer13 suggested the name 
"nltrone", a contraction for nitrogen ketone, for these N-alkylated 
oxlmes. The name was chosen because of the many similar reactions of 
nitrones and ketones. The structures of these compounds were well 
established by 1958.* The TT electrons of nitrones are contained In a 
resonance stabilised four electron system, lsoelectronlc with the allyl 
anion system. The two all-octet structures (Table I) appear to make 
the most significant contributions to the resonance hybrid.1*10 
Structural formulas are frequently written In the manner Illustrated 
by Structure 5.
of the CN double bond In the nltrone group. £-Phenyl-N-methylnltrone 
(5), for example, exists only as the trans-Isomer.14 Enmons15 has
reported the only example of geometric Isomerism In aldonltrones 
[RCH«N(0)R'J. The boron trlfluorlde salt of cla-C-phanyl-H-t-butyl- 
nltrone (7) was Initially formed when 2-£-butyl-j}-phenyloxazlrane (6) 
was treated with boron trlfluorlde. Isomerization to the trana Isomer
(8) was completed within 2h hours In a benzene solution.




\  „  Ph J < ^  H
_N-C(CH3)3 — 2-> >c^i e — > ph>c-*v e
OBPg OBFoels 3 t rans 3
i i  &
The Isomers of some ketonltrones [RR'ON(o)R*] have been Iso­
lated as stable compounds.16 The configurations of the Isomers were 
established by dipole moment measurements. The els Isomers were readily 
converted Into the trans Isomers by heating.
Nitrones can be synthesized by the reaction of substituted 
hydroxylamlnes with aldehydes or ketones, oxidation of N,N-dlsubstltuted 
hydroxylamlnes, condensation reactions of aromatic nitroso compounds 
with activated methyl or methylene groups, or by alkylatlon of oxlmes. 
The preparations and chemistry of nitrones were reviewed in 1938,2 
1964,14 and 1965.17 The preparations of nitrones were reviewed in 
1972.18 The recent syntheses by Baldwin and coworkers, described below, 
were not Included In the latter reference.
Baldwin19 reported the first synthesis of stable methylene 
nitrones In 1968. These nitrones are generally prepared by Scheme A 
as described by Baldwin. The blue t.-nitroso-monomers obtained from the
Scheme A
m-CI-CLKCO-H ,  i l C H C l CH-N-.ELO ?




labile dinars are titrated with an ethereal dlazomethane solution to
*afford the aiethylene nitrones In good yields. Many dimeric nitroso- 
compounds are conveniently accessible through oxidation of the parent 
amines with m-chloroperbenzolc acid in dlchloromethane.20
Mo experimental details were available in the literature for 
the preparation of N^t_-butylnitrone used in these studies. Several 
atteaq>ts to prepare and Isolate <t-nltrosbbutane by oxidation of _t- 
butylamina with m-chloroperbenzolc acid were frustrating, apparently 
because of the great volatility and thermal instability of the t- 
nltrosobutane monomer.81 An alternate route to the more stable t- 
nltrosobutane dimer was developed and is outlined in Scheme B. Reaction 
yields are enclosed in parentheses. References and experimental de­
tails for steps I-IV are given in Section III B.
Baldwin has also racently reported a method for the direct 
alkylatlon of nltroso-compounds with oxonlum salts.22 The nitrones are 
liberated from the intermediate nltrone salts by the addition of base.
#The reactions of dlaso-compounds with aromatic nitroso-compounds to 
produce nitrones were first described in the last century.14 The re­
action of dlasonethane and nltroso-benxene to give the dlnitrone of 
glyoxal was reported in 1097.2
Scheme 8  
t-Bufylomme (71%) (75% )
NHOH Br«(̂ t),0H »  ^ -[—N - o ] — > -(-{ ~ N~ 0 ) l  
(64% )
3ZCH<V f , „ J CHjN2iÊO -T“
«*---------  “|— N = 0  ---------------- ►CH2= N
warm L 1 J q 0
(68 ^  N-t-Butylnitrone
10
PART C Cycloaddltlon Reactions of Nitrones
1. Synthetic Utility
The reaction of phenyl Isocyanate with "N-benzyl-/3-benxaldoxlme"
(9) was studied by Beckmann In I89O In connection with Investigations 
of oxlme Isomerism.23 Apparently, this Is the first reported 1,3- 
dlpolar cycloaddltlon reaction of nitrones. The adduct was correctly 
assigned the structure 10, 2-bensyl-3,i|<-dlphenyl-l,2,l»-oxadlazolldln-5- 
one. Staudlnger and Melscher24 reported the reactions of several nitrones
H ?H^ h 
>C— N + Ph-N-C-0Ph
a
with phenyl Isocyanate and dlphenylketene In I9I9; however, the struc­
tures of reported products were Incorrectly assigned. In I958, Smith2 
reviewed the chemistry of nitrones without distinguishing between cyclo­
addltlons and additions of bases, H-B. Numerous papers describing 
preparations of nitrones appeared In the literature during the next 
twenty years, but no cycloaddltlon reactions of nitrones were reported.14*17 
In 1957» HuIsgen and coworkers began extensive studies which have led to 
a clear classification of dipolar reagents and to a recognition of their 
synthetic utility.1
The cycloaddltlon reactions of nitrones with alkenes, alkynes, 
and other dipolarophlles generally proceed to give good yields and provide
CHjgPh
" A  /
11
12
a convanlant route for the synthesis of five-membered heterocycles.1 
£ ,N-Dlphenylnltrone (11) and styrene, for example, react quantitatively 
at 90° to give 2,3i5*trlph«iqrliioxa<olldlne (12).25 ]t*£-Butylnltrone 
(l)) reacts with phenylacetylene at 70° to give 2-£-butyl-5-phenyl-A4- 
lsoxasollne (U) in Q0% y i e l d . I t  is not even necessary to use iso­
lated nitrones for many of these reactions. If phenylhydroxylamina
PhI
II Ph Q





P h ^ - %  + «-c-c-ph 8o*
Q Ph
13 1̂
and hutyraldehyde are combined in the presence of styrene, then 
C-propyl-H-phenylnltrone adds in situ to the alkene to give I5 in 98% 
yield.29 If hydroxylamlne and formaldehyde are combined in the presence 
of methyl acrylate, the parent nltrone (a tautomer of formaldoxime) 
which cannot be Isolated in a pure state adds in situ to the alkene to 
give 5-carbosMthoxylsoxasolldlne (16) in 0.25^ yield.27 In situ genera­
tion is especially convenient for many nitrones which either cannot be 
prepared in a pure state or which can be prepared only in low yields.
13
C^CqaCHsCHO + PhNHOH + CH2-CHPh
NHsOH + CHaO + CHa-CHCOaCHg q >
Tht experimentally observed regloselectivlty (selectivity 
in the direction of addition to an unsymiatrlcal alkene or alkyne) of 
nltrone cycloaddltiona has been the most difficult phenomenon to ex­
plain. Prior to our work, nltrone cycloaddltlons to monosubstituted 
alkenes had always been observed to give only the 5-substituted Isoxazo­
lldlnes (17) regardless of the nature of the alkene substituent, Z.
Many 1,2-dlsubstltuted alkenes as well as alkynes give exclusively the 
k-substltuted isomers or a mixture of products.8 These observations 







Limited date suggest that nitroue eyeloaddltIons may be sub­
ject to kinetic end thermodynamic control. 5,5-Dimethyl-A4-pyrrollne 
N-oxide (18), for example, reacts rapidly with ethyl acrylate at room 
temperature to give 1 0 0 of the 5-substltuted lsoxazolldlne 19 and 
slowly with the ester at 100° to give 9 of the 4-substltuted lsoxazo­
lldlne (20).88 Mo similar data are available In the literature for 
other nltrone cycloaddltlons.
2. Mechanism
The mechanisms of 1,3-dipolar cycloaddltlons have been 
thoroughly Investigated, largely by Rulagen and coworkers.5 Data for 
nltrone reactions, given below, are an Important part of the total evi­
dence which strongly supports a concerted mechanism for these reactions. 
The essentially quantitative reactions of 5,4-dlhydrolsoquinollne N- 





stereospeclflcally suprafaclal.29*5 The reaction of £-phenyl-N-methyl- 







mp 89-90° mp 96-97.5°
enthalpy (15 kcal/swl) and a large negative activation entropy (-32 eu). 
Similar Eyrlng parameters were reported for the reaction of £  with 2- 
vlnylpyridlne.30*5 Solvent polarity has little effect on the rate of 
addition of C-phenyl-N-methylnltrone (£) to ethyl acrylate as shown by 
the data of Hulsgen30 given In Table II. Finally, N-t-butylnltrone 
reacts with 6,6-dlmethyl- and 6,6-diphenylfulvene to give only the 
thermally allowed + ̂ 2g] cycloadducts .2ab All of these facts are 
totally compatible only with a concerted four-center mechanism In which 
[1(4-2'1 ft electrons are Involved In the cycloaddltlon process that Is 
shown in formula 22.
TABLE II
SOLVENT EFFECT DATA FOR THE REACTION OF g-PHENYL-N-METHYUUTRONE















An absence or a snail extent of solvent dependence is typical 
for the rates of concerted cycloaddltlons. The small rate changes re­
flected In the data of Table II can be related to an estimated dipole 
moment for the transition state of the reaction relative to the dipole 
moments of the reactants and product. Hulsgen5>3° has estimated from 
calculations that a transition state dipole moment of 5.1* D for the 
reaction shown In Equation (X) would lead to no dependence of rate on the 
solvent polarity and that a smaller transition state dipole moment 
would lead to a small Inverse solvent dependence. These data Indicate
CH3
H
>C— N + CH^CHCOaEt (1)Ph 0
n ■ 2.1*8 DI* - 3-55 D u- ■ 1.76 D
that nltrone cycloaddltlons are concerted reactions. Large rate en­
hancements with increasing solvent polarity should be observed If 
zwitterlonlc Intermediates were formed in these reactions since such 
zwltterlons w ould  have large dipole moments. The small rate change 
with Increasing polarity of the solvent observed for the reaction of 
Equation 0) Is compatible with a transition state dipole moment of less 
than 5.1* D. Similar experimental results were obtained In these studies 
and the data are presented and discussed In Section II B.
The regloselectlvlty observed In the reactions of nltrones 
with monosubstituted alkenas has already been mentioned (page 3 ). In 
the absence of stronger arguments, Hulsgen** has proposed that sterlc
factors favor tha formation of the 5-substituted isomers, 23. In the 
transition state, sterlc repulsions between the carbon substituents of 
the nltrone and the alkene substituent Z should be greater for the 
formation of 24 than for the formation of 23. Firestone7 proposed a
dlradlcal mechanism to account for these observations. Presumably the 
Intermediate dlradlcal 23 leading to the formation of ^-substituted 
adducts (23) Is more stable than the intermediate dlradlcal 26 leading 
to the formation of the it~substituted Isomers (24). However, Hulsgen9*8 
has convincingly argued that the mechanisms of nltrone and other 1,3- 
dlpolar cycloaddltlons is generally concerted.
In 1969» Hulsgen91 reported the synthesis of 4-substltuted 
A*-lsoxasollnes In reactions of nltrones with methyl proplolate. A 
38:42 mixture of 27 and 28 was obtained with £-phenyl-Jg,-methylnltrone 
and only the 4-substltuted Isomer 29 was obtained with 3,4-dlhydrolso- 
qulnollne N,-oxlde. The formation of 27 and 29 Is contrary to both the
& 24 & &
H CH3O4C ClfeOsC
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3teric arguments of Huisgen and the free radical theory of Firestone.
\ later discussion In Section II B will show that frontier orbital 
concepts can adequately account for the formation of these products.
3. Reactivity
The steric and electronic nature of dipoles and dIpolarophiles 
greatly affect the reaction rates of 1,3-dlpolar cycloaddltlons. Huisgen 
and coworkers have amassed a large volume of data to Illustrate this 
point.5 Their data for nltrone reactions are given In Figures 2 and 3.
Huisgen has attributed the variation in the reactLvity of the 
methylated acrylic esters shown In Figure 2 largely to steric factors. 
Methylated acrylic esters should also be electronically less reactive 
than methyl acrylate according to the recent concepts of frontier 
orbital theory discussed in Section II A.
The data of Figure 3 Illustrate the wide range of reactivity 
of nltrones with ethyl crotonate. 3,VDlhydroisoqulnoline |J-oxide (30)
Is 22k times more reactive than the electronically similar but sterlcally 
different C^phenyl-N_-methylnitrone (31). Huisgen5*30 has attributed 
this difference to steric factors. 3 ,U-Dlhydrolsoqulnollne H-oxlde (30) 
Is 33,000 times more reactive than the sterlcally similar but electron­
ically different lsoqulnollne N,-oxide (32). Loss of the aromatic 
stabilization energy of 32 and of other heteroaromatlc J£-oxides in 
cycloaddltion reactions causes these nltrones to be much less reactive 
than their aliphatic counterparts.5*30 A frontier orbital theory Inter­
pretation of the relative reactivities of nltrones Is given In Section 
II u.
H CH, CH, ' H
4300 1290 360
C H 3\  _  C H 3 \  ^COjjC2H 5
*C— C<^ ^ C * C v
CH, 'H  CH, 'C H ,
27 1.0
k2 x 10® (1-mol-1-sec"1) , Toluene, 120°
Figure 2. Rate Constants for Reactions of C-Phenyl-N-Methylnltrone







k2 x 10s (l-mol-1-sec-1), Toluene, 100°
Figure Rate Constants for the Reactions of 
Nltrones and Ethyl Crotonate5*30
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J*. Reactions
A lltaratura survey of nitrons cycloaddition reactions is sum­
marised in Tables III-IX at the end of this Section. Several types of 
reactions not asMnable to an abbreviated description are described below.
Intramolecular cycloaddition reactions of nltrones to olefins 
have been extensively studied by LeBel and coworkers.3e An example of 
these reactions is shown below. When lt-cycloheptenecarboxaldahyde (33) 
was treated with Jfc-methylhydroxylamine, a single product, 3 4, was ob­
tained in 6 0 yield. A similar reaction of 3-cyclohexenecarboxaldehyde 
(33) and &-ethylhydroxylamina gave only the nltrone 36.3S* Other workers 
have also reported these kinds of reactions.33
:bo + CH3NH0H — >
»  &
O cm + C2H5NHOH ----- >  1 ^ 1  1
»  &
I
The literature contains few references to the reactions of 
nltronas and anamlnas. However, the formation of both V  and 5-substi­
tuted lsoxasolldlnes has been observed as summarised and referenced 
in Table VIII below. Tsuga at al.34 reported the formation of an
22
'Unusual" product (39) from the reaction of C.N-dlphenvlnltrone (38) 
and 1-N-morpholino-l-cyclohexene (37) in refluxlng benzene. The same 
product was obtained In low yield from the reaction of 38 and 1-N.- 






these studies. The reaction of 37 and N-t-butyInitrone gave a white 
crystalline compound, (mp 108-111°) for which the structure has not 
been assigned (Sections II B and III C).
Nltrone cycloaddltlons have been used for the syntheses of 
polymers. One example is given In Equation 2.35
P
(2)
Nltrones have also been used as radical scavengers In free 
radical studies.30
The photochemical reactions of nltrones Including aromatic 
amine N-oxides have recently been reviewed.37
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TABLE III
1,3-CYCLOADDITION REACTIONS OF NITRONES WITH
UNCONJUGATED AIKENES AND ALKYNES
Alkene or Alkyne Adduct1 Yield,#2 Renarks? Ref.3
Alkenee
------------------------ H-1-But y Ini t rone
lt-Phenyl-l-butene A















— -—  ---- -------- H-l-Ethylcyclohexyini one
Norbornene C 86 w
Cyclohexene C 70 w
Bley d o  [It. 2.0 ]oc t-7-ene C 73 w
trans-Cyclooctana C 92 w
.......— ............. £-phenyl-N_-methylnltrone ----    —
Allyl alcohol A 99 k,l
1-Heptene A 93 k
Allyl acetate A 76 k
Methyl allylacetate A 98 k
Ethyl 9-allylnonanoate A 67 k






Cyclopentene C 09 J k,l
Cyclohexene C 78 J k,l
Norboraene C 96 J k,l
Dimethyl 5-norbornene-2,5- 
dlcerboxylete 30 J k,l
2,3-Dia*o-5.norbornene C 88 J k,l
5-Cyano-5-norbornene G 50 1
Norbornene C Ik I w
Bicyclo[li,2t0]oct-7~ene C 71 I w
trana-Cvclooctene C H I w
Norbornene C 79 I aa
Allyl alcohol A 75 J k
Norbornene C 9^ I w,k,l
Dimethyl 5"norbornene-2,3“ 
dlcerboxylete 7U J k
Cyclohexene C H w
Bley c lo [ 4.2.0 ]oc t • 7~ ene c H w
M P 11. ft \ ■»!>nnu Ini i —one _____.____* v ) n* 1/ lpnvuy iui l a one ■■•••••
1-Hexene A 93 J k




Ethylene C 79 b
Propylene A J b
1-Hexene A 95 J b
(Continued)
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TABLE III (Continued) 
£-Benzoyl-N_-phenylnltrone (Continued)*
Allyl alcohol A 81» J b
Cyclopentene C 49 J b
Norbornene C 35 J b
--------------- (>(£-Nltrobenzoyl)-ti-phenylnltrone -— --------- — --
Ethylene C 90 b
1-Hexene A 82 J b
-........... C-(5-Nltro-2-fury 1 )-ll-phenylnltrone — ----------- -— -—
Allyl alcohol A 95 ww
Allyl bromide A 66 ww
Methallyl chloride A ww
------ — ---------  C-(6-Uracllyl)-N-phenyInitrone ----------- ----
Allyl alcohol A 100 w
 ......--  — ----  C-Propyl-N^cyclohexylnltrone------------------
Norbornene C 41 J k
Dimethyl 5-norbornene-2,3- r „ .
dlcerboxylete L 70 J »" k
...............— - 5,5-Dlmethyl-A1-pyrrollne NN-oxide  -------- ----
Allyl alcohol A 84 hh
Acryldehyde diethyl acetal G Q hh
Allylacetone G H 11
— .............. 4,5,5-Trlmethyl-A1-pyrrollne N-oxide  ------ ----
Cyclohexene C H J 11
...............—  2,5,4,5-Tetrahydropyrldine N'-oxlde — — — -—  ----





 — ------- ---- ...... j|.£-Butylnltron«-------- -— -— — — ---
5-Phenyl-l-pentyne P 36 E,K a
.....— — — -------- G-Phenyl-N-msthylnitrone------- ------ -----
Bensyne C 100 a
— — ............—  3 ,i+-Dinhdro isoquinoline JN-oxide --------- -----
Bensyne C 91 e
 --— — -— — —  C_- (j>-Methoxyphenyl )-ji-phenylnitrone-------- ----
Bensyne C 1U e
------ .....----- C_- (5-Nltro-2-fury l)-2i-phanylnltrone — -— -— ----
Propargyl broalde P 3 E ww
Progaryi alcohol P 3 E ww
..........— ....— . C_-(6-Uracilyl)-N-phanylnitrone  ---- ----- ----
Propargyl alcohol G 62 w
Propargyl bronldc 0 w
1. A 5-Subatltutad laoxasolldlne or ^-substituted isoxazollne. 
B VSubstituted lsoxasolldlne or ^-substituted Isoxazollne. 
C lsoxasolldlne or isoxazollne.
G Structure of adduct not known or not reported.
P Product not isolated as cycloadduct.
2. A legend for Tables III-IX is given after Table IX.
3. References are given after Table IX.
TABLE IV
1 CYCLOADDITION REACTIONS OF NITRONES WITH
CONJUGATED ALKENES AND ALKYNES










--------------------lj-1-Ethy Icyclohexylnitrone  -------
Styrene A 95
 — --- — - Nj-Methylenebicyclohexyl-l-ylamine oxide
Styrene A H
--------------------N-1-EthylcyclopentyInitrone  ----- -
Styrene A H
------------------N-l ,1,3,3-Tetramethylbutylnitrone — -
Styrene A H




QHMethylstyrene A 85 I
1,1-Dlphenylethene A 63 1,1
2-Vinylpyridine A LOO 1
Indene A 92 J 1.1
1,2-Dihydronaphthaiene A 97 J i,l
Acenaphthylene C 78 i















-------- — ----—  C_- (4-Chlorophenyl )-Jf-ne thy lnlt rone
Styrene A 99
C- (g-X phenyl )-J£-phenylnlt rone 
(X - H, Cl)
p-X benzylldeneecenephthenones 













































Styrene A 73 J b
cr-Methylatyrene A 85 I b
Indene A 7k J b




----- -— .—   c- (j>-Nitrobensoyl)-ll-phenylnitrone — -- ---- ---- -
Styrene A 99 J b
 ---- ----- -—  C-(‘j-Nitro-2-furyi)-iN-phenylnitrone  ----- -- -----
Styrene A 98 ww
4-Vlnylpyrldlne A 88 ww
trans-Stllbene C 10 ww
 --- -— -— -— — - Q- (6-Uracilyl)-JJ-phenylnitrone -— — ----— -----
Styrene A 100 w
1-Vinylpyridlne A 100 w
trans-Stllbene 0 w
--------    Cj Me thyl-N-phenylnitrone  --------------- ---
Styrene A 66 I,N j
-------------     c-propyl-N>-cyclohexylnltrone--------------
Styrene A 98 I,N J
------------ . C'-Propyl-N-phenylnltrone — --—  ---— ----- -
Acenephthylene C 73 J,N 1
Styrene A 99 I,H j,l
Cle- end _twme-R1HDHl(o)Rp
..................... Rx - CH ...................
r2 - OClfe
j>-Me thy 1 styrene A H  I m
Alkynes
 — --------— .......— . |{-jt-Butylnltrone — — — — -----— — -----
Phenylacetylene A 80 a
._— .....--- -—  g-(5-Nltro-2-f ury 1)-JJ-phe ny Ini t rone  ----  —




 --- .............. C-(6-Uracllyl)-JN-phenylnltrone -—  ------ — ---
Phenylacetylene A 61 w
1. A ^-Substituted lsoxasolldlne or 5-substltuted isoxazollne.
B 4-Substltuted lsoxasolldlne or ^-substituted Isoxazollne.
C lsoxasolldlne or Isoxazollne.
G Structure of adduct not known or not reported.
P Product not Isolated as cycloadduct.
2. A legend for Tables III-IX Is given after Table IX.
J. References are given after Table IX.
TABLE V
1,3-CYCLOADDITION REACTIONS OF NITR0NES WITH
cv,/}-UNSATURATED CARBONYL COMPOUNDS
Alkene or Alkyne Adduct1 Yield &  Remarks* Ref.3
Alkenes






























------------    g-l-Ethylcyclohexylnitrone




















Dimethyl meleete C 91 I 8
Dimethyl fumerete C H I g
cis-l ,2-Dlbencoylethylene C 81 I g
trens-1,2-Dibenzoylethylene C 85 I g
Methyl cltreconete C 86 I g
Methyl meseconete C 100 I g
Ethyl ecrylete A 99 J h,l
Methyl methacrylate A 97 I h
Ethyl Crotonate B 95 J h,l
Ethyl /3,/9-dlmethylacrylate B 81 J h
Cervone C 85 J,K h,l
Eucervone C 68 J,K h,l
Mesltyl oxide B 26 J h,l
3,lt-Dlhydrol80qulnoline N^oxlde
Dimethyl fumerete C 100 I g
Dimethyl meleete C 95 I g
Malelc anhydride C 86 I g
N-Phenylmelelmlde C 82 I g
Ethyl ecrylete 
(Methyl ecrylete) A 99 J h






a,0-Unsaturated ketones H cc
(Continued)
TABLE V (Continued)
-------- ------ — -—   C,N-Dlphenylnltrone — ------ --------------
Maleic anhydride C k9 1 8
H- PhenylmaleImlde C 100 1 8
trans-Dibenzoylathylene C 100 I 8
Ethyl acrylate A 100 I h
Methyl methacrylate A 97 I h
Ethyl crotonate 
(Methyl crotonate) B 93 J h
Ethyl j>-nltroclnnamate B 90 J h
Methyl 0,0-dlmethylacrylate 
(Ethyl ji,/3-dlaethylacrylate) B 97 J h
Ethyl crotonate B H bb
(X> suba t ltu ted ) >iL~ pheny lnltronea 
(X ■ 2-furyl, phenyl, 2-thlenyl)
N-Phenylmalelmlde C H E,I 8
............  C-(£-Ri pheny 1 )-£- (j>-Rg phenyl) nltrone
(Ri - H, NO2, OCH3; R2 - ». Clfe, £-butyl, Cl)
N-(p-Rs phenyl)malelmldes 
(R3 - H, NOg, OCH3) C H E,I 8
Acrylic acid A 76 J b
Methyl acrylate A 100 J b
Methyl methacrylate A 96 J b
Methyl crotonate B 92 J b
Dimethyl fumarate C 70 J b
Dimethyl maleate C 99 J b
N-Phenylmalelmide C 92 J b




 --------- £- (p-Nitrobenzov1)-N-phenylnltrone  - ---- ----- ----- -----
Methyl acrylate A 100 J b
Dimethyl fumarate C 89 J b
—  ------    C^C-Dlphenylnltrone — ---------- — —  -----
cr./3-Unaaturatad ketones A H  N ee
   —  --- -— — — — -- C., N-Trlpheny Ini t rone------------  — ------
Dimethyl maleate C 54 I g
Dimethyl fumarate C 64 I g
Ethyl crotonate B 80 h
---------------  C_ ( 5-Nltro-2-furyl )-N,-phenylnitrone-------------
Acrylamide A 77 ww
 ----------- — — —  Ĉ- ( 6-Urac 1 ly 1 ) pheny 1 ni t rone-----------------
Methyl acrylate A 100 w
Acrylemlde A 100 w
Methyl methacrylate A 86 w
Ethyl clnnamate 0 w
Maleic anhydride 0 w
 ------- --- -- — -— —  CjMethyl-N^ethylnltrone — — -- -— — — — ---
Methyl methecrylete B 75 I,N jj
................—  C_-(n-Propyl )-N-Cycl ohexy In it rone — -------   —
Methyl acrylate A 85 J h
Methyl methecrylete A 96 J h,l
............— ..... (n-Propyl)-Mhphenylnltrone  --- — — ---- —
N-Pheny lmalelmlde C 95 N,I g




......— — — — — — — —  Ax-Pyrrollne g-oxide  -------------
Ethyl crotonate B 79 J h
5,5-Dlmethyl-A1-pyrrollne N-oxide
Methyl methacrylate A Q E8
Ethyl crotonete B Q gg
Methyl clnnamate B Q gg
Acrylemlde A Q gg
N-fButylacry1 amide A Q gg
Mesltyl oxide B Q gg
2-Cyclohexenone B H gg
Ethyl ecrylete A(25°) 100 hh
b (ioo°) 98 hh
Ethyl ecrylete A H ran
...--- .......... 2,4,VTrlmethyl-A1-pyrrollne 14-oxide------- ----
Ethyl ecrylete C Q F hh
........— ... 5,5,5,5-Tetramethyl-A1-pyrrollne Jtf-oxide  ----- ----
Ethyl ecrylete C Q F hh
Ethyl ecrylete A H  ran
Cle- end trene-RiHON(0)Ro 
..............................(R i -  CN, COaCHg, £-NO^C^I4^ R£  -  0C%, O C ^ ) " ....... .
Methyl ecrylete A H m
l-Butena-5-ona A H m
11-Methylaalelalde C H m
Dimethyl fumerete C H m











3-Methylbutyn-3«ol C H cc
 -- — ------- --- - CHsNHO (The Parent Nltrone)----------------
Ethyl proplolate P Q E,N dd
 ------     N.- (2,4,6-Trimethylphenyl)nitrone---------------
Dimethyl acetylenedl-
carboxylate cc
— — ---------— — — —  (>Phenyl-N-methylnltrone  -----------------
Methyl proplolate 92 e
A U2
B 58
-----— — — — — —  3 ,^-Dlhydrolsoqulnollne ji-oxide  —  -----
Methyl proplolate B 83 e
Ethyl phenylpropiolate C 69 e




Ethyl phenylpropiolate 0 w
(Continued)
TABLE V (Continued)
1. A ^-Substituted lsoxasolldlne or ^-substituted Isoxazollne 
B J*-Substituted isoxazolidlne or 4-substituted isoxazollne 
C lsoxasolldlne or Isoxazollne.
G Structure of adduct not known or not reported.
P Product not Isolated as cycloadduct.
2. A legend for Tables III-IX is given after Table IX.
3. References are given after Table IX.
TABLE VI
I ,';-CYCLQADDITION REACTIONS OF NITRONES WITH 
DIENES, TRIENES, AND TETRAENES
Dlene, Trlene, or Tetraene Adduct1 Yield,#8 Renarks2 Ref.3
Dlenea
 ---------------    W-Me thy Ini t rone-— -------- — — —
2.3-Dimethy1-1,3-butadiene G H F,K,N 11
  -------------- -— —  N-Ethy Ini t rone  —  ---  — ---- -—
2.3-Dlnethy 1-1,3-butadiene G H D,N kk
—  -----------------N_-l-Ethylcyclohexyl nit rone — ----------------
Dlcyclopentadlene G H cc
— — — -— — ------- £-Phenyl-(L>methylnltrone----- ----- — ----- —
Norbomadiene C 91 J,K k,l
Norbomadiene C 2 J,L k,l
...— -— ....--- —  3,4-Dlhydrolsoqulnollne N_-oxide — — — — -— -— —
Norbomadiene C 39 J,K k
Cyclopentadlene G H K kk
2.3-Dimethy1-1,3-butadiene G H F,K 11
— .......--- --------- - c.N-Piphenylnitrone — — — — — —  ---  —
Dlcyclopentadlene C 72 I k
Norbomadiene C 5^ J,K k
Norbomadiene C 3 J,L k
Norbomadiene C 82 I aa
 — -—  ---- — — —  £-Benz oyl-lt-phenylnlt rone — — —




Isoprene A 95 D,K ww
Dlcyclopentadlene C 66 D,K ww
Cyclooctadlene C 61 ww
-- .........--- - £-(g-propy 1) eyelohexyIn 11rone —
Norbomadiene C 79 J,K k
Isoprene G H K kk
trans.trans-Dlethyl muconate G H L kk
2,3-Dlnethyl-l,3-butadlene G H F,K 11
Cyclopentedlene G H F,K 11
2,3-Dlnethyl-l,3-butadiene G H D,F kk,ll
l,4-Dlphenyl-l,3-butadlene G H L kk
1,5-Butadiene G H D,F 11
Isoprene G H F ,K 11
Cyclopentedlene G 62 F,K 11
Trlenes
........— ..........— -— . N-t-Butylnitrone ■
6,6-Diaethylfulvene C 51* K a
C 21 L
6,6-Diphenylfulvene C 67 K a
C 11* K
C 11 L





 ----- — ------ —  C-Phenyl-N-Methylnltrone---------- -- — — —
6 .6-Dlnethylfulvene G H D a
6 .6-Dlphenylfulvene C H K a
Cycloheptatrlene 85 D I
Tatraanas
  ------- ------ 3,4-Dlhydrolsoquinollne N.-oxide------- -— — —
  ----- — — -— —  C-Phenyl-N-mathylnltrone  ------ ---- -----
 -------      C ,N-D lpheny I nl t rone  ------- --- — — ...
------     C-Phenyl-N- (j>-chlorophenyl)-nit rone — — — ----
------ --- — ...— —  £,C_,N_-TrlphenyInitrone    ----- -- --
Cyciooctatetraene .
(and Its derivatives)
1. A ^-Substituted lsoxazolldlne or ^-substituted lsoxazoline. 
B lf-Substltuted lsoxasolldlne or ^-substituted lsoxazoline. 
C lsoxazolldlne or lsoxazoline.
G Structure of adduct not known or not reported.
P Product not Isolated as cycloadduct.
2. A legend for Tables III-IX Is given after Table IX.
3. References are given after Table IX.
TABLE VII
1,3-CYCLQADDITION REACTIONS OF NITRONES WITH 
COMPOUNDS CONTAINING CUMULATED BONDS
Dipolarophlle Adduct1 Yield,^ Remarks2 Ref.3
Phenyl Isocyanate
...... ji-t-Butylnltrone — --- ------
M 82
...---- - ----------- N'-l-Ethylcyclohexylnltrone  ----
Phenyl Isocyanate M 90
cr-Naphthyl Isocyanate M H
Carbon disulfide P H  E
— — — — —  N-Methylenebicyclohexyl-l-ylamina jf-oxide - 
Phenyl Isocyanate M 98
------------- ------ N-1-EthyleyelopentyInitrone — ----
Phenyl isocyanate M 96
...---- — — ----- — . £-phenyl-N-methylnltrone — — --
Phenyl Isocyanate M 9k
Phenyl lsothlocyanate P 52 E
— .—  --------   3 t^-Dlhydrolsoqulnollne oxide  ---
Phenyl Isocyanate M 96





















 &.-Fluorenylldanealkylamine N-oxide_ ___
(alkyl - Me, Et, JrPrT
Dlphenylketene E qq
  — ---— ----— ---- —  XiltDlphenylnltrone------------------ -------
Carbon disulfide P E v
Phenyl Isocyanate M 80
x-phenyl Isocyanate
(x - H, j>-CH3, j£*0CH3, M 88-94
p-OCgHs, JJ^Cl, nr Cl, n-NOp)
xx
Eynes A 12-50 K 11
Dlnethylketene E rr,uu
Sc (X-phenyl^-phenylnltrone
--------------  (X ■ £-N02, fir NO 2, m-Cl, J>-C1, p-OCHg,--------------
^-OCHaPh, £-NMe2, £-NEt2)
Phenyl Isocyanate M 57-98 xx
 -- — — — — — —  £-Phenyl-M- (o- toy 1) nit rone -— — — --- — — — -
Dlnethylketene E uu
— .................... C.-Benzoyl-N-phenylnltrone ---—  ---- — — —
"Dlketene" E pp
Dlnethylketene E rr
-— ............... <>Bensoyl-N-(2,6-xylyl)nltrone — ---- — — ----—
Dlnethylketene E ss
................... C_-(6-Urac 1 ly 1)-N.-phenylnltrone — —  --- — ----—
Phenyl Isocyanate M H w
Carbon disulfide 10 E w
Phenyl lsothlocyanate G H w
Benzoyl Isocyanate G H w




—  ------ — --- - (5-Nltro-2-furyl)-NN-phenylnltrone--------- — —
Carbon disulfide P 61 E ww
Dlcyclohexylcerbodllmlde P 18 E ww
Phenyl Isocyanate P 35 E ww
 ---- -----------  5,5-Dimethyl-A1-pyrroline IT-oxide------- — ---
Carbon disulfide P E v
— — — ------ 4-Phenyl- 5,5-dlmethy 1-A^pyrrollne oxide  ---- ----
Carbon disulfide P E v
 ----------- 3,3,5,5-Tetrsnethy1-A1-pyrrollne oxide — --- ---
Carbon disulfide P E  v
  ----------    Qulnoxalln-3(itH)-one l-J*-oxldes------------
Aryl Isocyanates E yP 00
1. A 5-Substltuted lsoxazolldlne or 5-substltuted lsoxazoline. 
B ^Substituted lsoxazolldlne or 4-substituted lsoxazoline. 
C lsoxazolldlne or lsoxazoline.
G Structure of adduct not known or not reported.
P Product not Isolated as cydoadduct.
2. A legend for Tables III-IX Is given after Table IX.
3. References are given after Table IX.
TABLE VIII
1,3-CYCLQADDITION REACTIONS OF NITRONES WITH 
MISCELLANEOUS UNSATURATED COMPOUNDS
Dlpolarophlle Adduct1 Yield, fr Remarks2 Ref.3
Alkenea






























thylnltrone — — — --------




A 91 I h,l





£-Phenyl-N-methylnltrone (Continued) — — — — ------------- — --- —
Dihydropyren G H I
Fumaronitrlle C 76 1 g
-------- ----- --- 3,1*-Dlhydrolfloqulnollne £-oxlde — -—  ---- ------
1.1-Dlethoxyethene A 98 1
---------------------—   C ,N-Dlphenylnltrone — --- ---------- ----
Acrylonltrlie A 100 I h
1.1-Dlethoxyethene A 98 h
1-N-Pyrrolldlno-l-phenylethylene A 1*8 J p
1-N-Morpholino-1-cyclohexene P 7 E p
1-N-Piperldino-1-cyclohexene P 9 E p
l-H^Pyrrolldlno-1-cyclohexene A 60 I p,q
1-N-Morphollno-1-cyclohexene A 7 q
-------------£-(£-Chlorophenyl)-N-phenylnltrone —  ------- -— — — —
l-Pyrrolldlno-cle-3,5- B 27 J o
dime thylcyclohexene
1-H-Pyrrolidlno-l-phenylethylene A 62 J p
1-N-Morpholino-1-cyclohexene A 3 J p
1-N-Pyrrolldlno-1-cyclohexene A 69 D,I p
................. C-(g^-Methoxypheny 1)-II-phenylnltrone — — ---- —
l-N^-Pyrrolldlno-1-cyclohexene A 50 I p
.................. C_- (m^Nl t ropheny 1) -N.- pheny lnl t rone — ------ -------
l-Pyrroildino-cle-3,5- b 66 j od imethylcyclohexene
................— —  C-(£^Nltrophenyl)-£-phenylnltrone  ----- ------ -
1*11“ Pyrrol Idlno- 1-pheny lethy lene A 1*9 J P
1-Ĵ -Pyrrol Id lno- 1-cyclohexene A 60 I p
(Continued)
TABLE VIII (Continued)
£r (Xr pheny 1) -Jl- pheny lnl t rone 
(X - H, o-N02, £rN02> j>-N0a)
Vinyl ecetete A H
--------   —  C-Benzoyl-j^-phenylnltrone
Acrylonltrlie A 85
  —  <>(£-Nltrobenzoyl)-lL-pheny lnitrone
Acrylonltrlie A 75
  ---------- . £- (6-Ur*cllyl )-j£-phenylnltrone
1-N-Morphollno-1-cyclohexene A H
-----------------     £>(n-propyl)-JI«phenylnltrone
ar,£-Unsaturated oxines and 
unsaturated 0-ethers of oxlmes
—  — — — — - 5,5-Dlmethyl- A^pyrrollne ji-oxlde
Acrylonltrlie A 100
Crotononltrlle G H
Cls- and trans»R-iHC,H(0)Ro 














------   —  (6-Uracilyl)-JN-phenylnitrone — --------- ----
Cyanoacetylene G kQ vv
Chlorocyanoacetylene 0 w
Other Cospounda
-------- -— — —  £-Phenyl-N-methylnltrone -—  ---------- ----
Methylenetrlphenylphoephorane 17 E f
------ — — — — - 3,l*-Dlhydrolaoqulnollne N^oxlde  ----- ----
Methylenetrlphenylphosphorane Jh E f
Benzylldenetrlphenylphosphorane 81 E ,J f
  —  ------- -— -—  jC.N^Dlphenylnltrone------------- -------
Methylenetrlphenylphosphorane 93 E f
Benzylldenetrlphenylphosphorane 59 E,J f
Isopropylldenetriphenylphosphorane 22 E f
 — — — — — —  5,5>Dlaethyl-A1-pyrrollne oxide-------- --- —
Azlrldlnlun salts E x
— ---— —  2,5,5-Trlaethyl-A1-pyrrollne oxide  --------
Parafonsaldehyde P Q E hh
1. A 5-Substltuted lsoxazolldlne or ^substituted lsoxazoline. 
B ^Substituted lsoxazolldlne or 1*-substituted lsoxazoline. 
C lsoxazolldlne or lsoxazoline.
G Structure of adduct not known or not reported.
P Product not Isolated as cycloadduct.
2. A legend for Tables III-IX Is given after Table IX.
3. References are given after Table IX.
TABLE IX
REACTIONS OF HETERQAROMAtlC N-OXIDES
Heteroaromatic Adduct1 Yield Remarks2 Ref.3
• Dlbenzoylfuroxan
Styrene P 35 u
Phenylacetylene P 70 u
Phenyl isocyanate M 75 P c
Phenyl lsothlocyanate P 59 E c
Carbon disulfide P 95 E c
Methyl proplolate 
(Ethyl proplolate) P 70 E d
Dimethyl acetylenedicerboxylate 
(Diethyl acetylenedicerboxylate) 77 E d




......—  Phenanthridine II-oxide --- — ---- —
Ethyl acrylate A 66 P d
Phenyl isocyanate M 87 P c
Dimethyl acetylenedicerboxylate P 96 E d
Dimethylketene E tt
 ---  — ------------ Phenanthridine N-oxldes — -—  ----— --- -
Dimethyl acetylenedicerboxylate E ff




  — — — — — — — —  2-Phenylisotagen -—  ---------- -— —
Styrene A 81 J b
Ethyl eerylete A 93 J b
Diethyl fumarate C 86 J b
Cyclopentene C 65 J b
Norbomene C 81 J b
Butyl vinyl ether A 1*2 J b
Methyl phenylproplolate C 71* e
--------  — --- — -— -—  Pyridine li-oxlde  ---------------- -
Phenyl Isocyanate M 77 P c
Dlaethylketene E tt
1. A 5-Substituted lsoxazolldlne or 5-substltuted lsoxazoline. 
B ^Substituted lsoxazolldlne or 1*-substituted lsoxazoline. 
C lsoxazolldlne or lsoxazoline.
G Structure of adduct not known or not reported.
P Product not Isolated as cycloadduct.
2. A legend for Tables III-IX Is given after Table IX.
3. References are given after Table IX.
LEGEND FOR TABLES III-IX
A 5-Substituted lsoxazolldlne or ̂ -substituted lsoxazoline.
B ^Substituted lsoxazolldlne or U-substituted lsoxazoline.
C lsoxazolldlne or lsoxazoline.
D Mixture of products.
E Structure of product(s) reported, but not as A, B, or C.
F Structure of adduct assumed or not rigorously established.
G Structure of product not known or not reported.
H Not specified.
I Stereochemistry of adduct reported, or adduct identified as a 
mixture of dlaateromers.




N Nltrone generated JLn situ.
0 No reaction.
P Product not Isolated as cycloadduct.
Q Yield given, but not as $ ylald.
51
REFERENCES FOR TABLES III-IX
Reviews
G. R. Delplerre and M. Lamchen, Quart. Rav.. 19. 329 (I965). 
J. Hauer and A. Macaluso, Cham. Rev.. 64. 473 (1964).
L. I. Smith, Cham. Rav.. 2J, 193 (1938)*
a. This work.
Bulaaan Papers
b. R. Huisgen, H. Hauch, H. Seldl, and M. Burger, Cham. Bar.. 102. 
1117 (1969).
c. H. Seldl, R. Huisgen, and R. Grashey, Cham. Bar.. 102. 926 (1969)*
d(l) R. Huisgen, H. Seldl, and J. Wulff, Chem. Bar., 102. 913 (1969). 
(2) H. Seldl and R. Huisgen, Tetrahedron Lett., 2023 (1963).
e(l) H. Seldl, R. Huisgen, and R. Knorr, Chem. Bar., 102. 904 (1969)* 
(2) R. Huisgen and H. Seldl, Tetrahedron Lett.. 2019 (1963).
f(l) R. Huisgen and J. Wulff, Chem. Bar., 102, 746 (1969).
(2) R. Huisgen and J. Wulff, Anaew. Chemle Int. Ed.. 6 , 457 (1967)*
g. R. Huisgen, H. Hauch, R. Grashey, and H. Seldl, Chem. Bar., 102.
736 (1969).
h. R. Huisgen, H. Hauch, R. Grashey, and H. Seldl, Chem. Bar., 101.
2568 (I968).
1. R. Huisgen, R. Grashey, H. Seldl, and H. Hauch, Chem. Bar., 101.
2559 (1968).
j. R. Huisgen, R. Grashey, H. Hauch, and H. Seldl, Chem. Bar.. 101.
2548 (1968).




1. R. Grashey, R. Huisgen, H. Leitermann, Tetrahedron Lett.. 9 (i960).
Other References
m(l) R. Gr£e, F. Tonnerd, and R. Carrll, Tetrahedron Lett.. U53 (1973)*
(2) R. Gr£e and R. Carri£, Tetrahedron Lett., 2987 (1972).
(3) R. Grie and R. Carrl£, Tetrahedron Lett.. 1*117 (1971). References
to preparations of these nitrones are included.
(4) K. Muller and A. Eschenmoser, Helv. Chim. Acta. 52. I823 (I969).
n. R. G. Laughlin, J. Amer. Chem. Soc., 2S, 3295 (1973).
o. Y. Nomura, F. Furusaki, and Y. Takeuchi, Bull. Chem. Soc.. Japan. 
Jfi, 1913 (1970).
p. 0. Tsuge, M. Tashiro, and Y. Nishihara, Tetrahedron Lett.. 3769
(1967).
q(l) Y. Nomura, F. Furusaki, and Y. Takeuchi, Bull. Chem. Soc.. Japan. 
jjO, 17*> (1967).
(2) Y. Nomura, F. Furusaki, and Y. Takeuchi, J. Org. Chem.. 57. 502
(1972).
r. G. Blanchl, A. Gamba, and R. Gandolf, Tetrahedron. 28. 1601 (1972).
s(l) Y. Iwakura, K. Uno, S. Hong, and T. Hongu, Bull. Chem. Soc..
J w m , 192 (1972).
(2) Y. Iwakura, K. Uno, and T. Hongu, ibid., Jj2 , 2882 (1969).
t. U. Stauss, H. P. Harter, M. Neuenschwander, and 0. Schindler, Helv. 
Chim. 4cta, .55, 771 (1972).
u. M. Rahman, A. J. Boulton, and D. Middleton, Tetrahedron Lett.. 33. 
3*69 (1972).
v(l) D. S. C. Black and K. G. Watson, Angew. Chem. Int. Ed., _11, 1*7 
(1972).
(2) M. Haisana, B. Ihesava, and S. Nakashima, Chem. pharwac. Bull. 
(Tokyo), 10, 969 (1962).
w. L. W. Boyle, M. J. Peagram, and G. H. Whltham, J. Chem. Soc. (b ), 
1728 (1971).
x. N. J. Leonard, D. B. Dixon, and T. R. Keenan, J. Org. Chem.. 55.
JU88 (1970).
y. 0. Tsuge and I. Shlnkal, Tetrahedron Lett.. 3847 (1970). 
z. W. Kllegel, Tetrahedron Lett.. 2627 (I969).
aa. R. R. Fraser and Y. S. Lin, Can. J. Chem.. 46 (5), 801 (I968).
bb(l) G. Cum, M. C. Averse, and N. Uccella, Gazzetta, 98. 782 (1968).
(2) F. Caruso, G. Cum, and N. Uccella, Tetrahedron Lett.. 3711
(1971).
cc(l) J. E. Baldwin, A. K. Qureshl, and B. Sklarz, Chem. Comm., 375
(1968).
(2) J. E. Baldwin, A. K. Qureshl, and B. Sklarz, J. Chem. Soc. (c),
1073 (1969).
(3) J. E. Baldwin, R. G. Pudussery, A. K. Qureshl, and B. Sklarz,
J. Amer. Chem. Soc.. 90. 5325 (I968).
dd. M. Ochlal, M. Obayashi, and K. Morlta, Tetrahedron. 25. 2641 (1967).
ee. A. Combier, M. Vlllaume, and R. Jacquesy, Tetrahedron Lett.. 4959
(1967).
ff. R. M. Acheson, A. S. Bailey, and I. A. Selby, J. Chem. Soc. (c), 
2066 (1967)* *nd references therein.
gg. B. G. Murray and A. F. Turner, J. Chem. Soc. (C), 1338 (1966).
hh. G. R. Delplerre and M. Lasichen, J. Cham. Soc.. 4693 (1963).
11. V. N. Chlstokletov and A. A. Petrov, Zh. Obshch. Kim., 52. 2385
(1962); Chem. Abstr.. .58, 9040 (I963).
jj. H. E. De La Mare and G. M. Coppinger, J. Org. Chem.. 28. 1068
(1963).
kk. C. W. Brown and M. A. T. Rogers, British Patent 850,418; Chem.
Abstr.. ^5, 6498 (1961).
11. C. W. Brown, K. Marsden, M. A. T. Rogers, C. M. B. Taylor, and R. 
Wright, Proc. Chem. Soc.. 254 (i960).
mm. G. R. Delplerre and M. Lamchen, Proc. Chem. Soc.. 586 (i960).
nn. M. Komatsu, Y. Ohshlro, and T. Agava, J. Org. Cham.. 57. 5192
(1972).
00. J. C. Mason and G. Tennant, J. Chem. Soc.. cc, 218 (I972).
pp. M. C. Averse, G. Cum, G. d'Alcontres, and N. Uccella, J. Chem.
Soc.. 222 (1972).
qq. A. F. Gettlns and G. A. Taylor, Chem. Comm.. 1146 (I972).
rr. M. C. Aversa, G. Cum, and N. Uccella, Chem. Comm.. I56 (I97I).
ss. D. P. Stokes and G. A. Taylor, J. Chem. Soc. (c), 2334 (1971).
tt(l) R. N. Pratt, D. P. Stokes, G. A. Taylor, J. Chem. Soc. (c),
1472 (1971).
(2) R. N. Pratt, G. A. Taylor, J. Chem. Soc. (C), 1653 (1968).
uu(1) R. N. Pratt, D. P. Stokes, G. A. Taylor, and P. C. Brookes, J.
Chem. Soc. (c), 2086 (1968).
(2) H. Staudlnger and K. Mlescher, Helv. Chim. Acta. 2, 554 (1919).
w .  T. Sasaki and M. Ando, Bull. Chem. Soc.. Japan. 41, 296O (I968).
ww. T. Sasaki, T. Yoshloka, and I. Izure, Bull. Chem. Soc.. Japan. 41,
2964 (1968) .
xx. D. M. Zavlsza, Ph.D. Dissertation. Clark University, I967.
II A. PERTURBATION TREATMENT OF CYCLOADDITIONS
1. Frontier Orbital Concepts
Perturbation theory Is a powerful tool for the understanding 
of diverse organic phenomena.38 Early treatments of cycloaddltlon re­
actions by perturbation theory resulted In the landmark orbital sym­
metry selection rules for concerted cycloaddltlons. Houk et al..10 
have recently applied perturbation theory to rationalize and reveal the 
origin of reactivity, regloselectlvlty, and perlselectivlty In 1,3- 
dlpolar cycloaddltlons. Applications of perturbation theory to cyclo- 
additlon reactions have recently been reviewed.38
The basic concepts of perturbation theory as they apply to
1,3-dipolar cycloaddltlon reactions are developed below. A more de­
tailed and more quantitative discussion of the subject Is given by 
Houk et *l.w  These studies were Inspired by the predictions of per­
turbation theory, and the results obtained are compatible with the 
concepts of perturbation theory presented here. Experimental results 
of this research are given In Section II B.
Frontier orbitals for dipoles and dlpolarophlles are defined 
as the highest occupied (HO) and lowest unoccupied (LU) molecular orbi­
tals of each reactant. Interaction of the HO (Ex) molecular orbital of 
one polyolefin with the LU (Es) molecular orbital of a second poly- 
olefln Is shown schematically In Figure k. The Interaction of the two 
orbitals results In depression of the energy of the lower energy orbital 
and raising of the energy of the higher energy orbital, and the extent 
of energy change, AE, Is Inversely proportional to the difference In
56
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Figure k. Schematic Representation of Orbital Mixing
energy (Eg - Ex) of the orbitals prior to Interaction.38 Only Interact­
ions between the TT orbitals of both reactants are considered since 
these orbitals will overlap most In the transition state of a cyclo­
addltlon. Most perturbation treatments of cycloaddltlon reactivity 
have focused only on Interactions between the frontier orbitals of 
both reactants since the Inverse dependence of stabilization energy,
AE, on orbital energy differences Insures that frontier orbital Inter­
actions are larger than other Interactions; a schematic diagram Is 





Figure 5. Schematic Representation of Orbital Interactions
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In a 1,3-dlpolar cycloaddltlon reaction Involving an ungym- 
metrlcal 1,3-dipole and an unsymmetrlcal dlpolarophile, two modes of
(CH2“CHR) are possible, as shown In Figure 6. In the early stages of
a cycloaddltlon reaction, when the interaction between two addends Is 
small, perturbation theory Is particularly suited for the estimation 
of the relative energies of different geometries of approach of the 
addends. Since most cycloaddltlons have low activation energies and 
large heats of reaction, the relative energies of different transition 
states should be paralleled by the relative energies of the corresponding 
weakly Interacting complexes. If the assumption Is made that entropies 
of activation will not differ significantly for the two Isomeric tran­
sition states formed from a pair of addends (Figure 6), then the rela­
tive energies of the Isomeric transition states can be approximated 
from perturbation theory. Although regloselectlvlty (selectivity In 
the direction of addition to an unaynmetrlcal dlpolarophile) is the 
result of very small energy differences (0.1-3 kcal/mol) between two 
dlastereomerlc transition states, the estimation of such small energy 
differences Is the fort£ of perturbation theory.10
approach of the dipole (a*b^-c~) to the 2TT electron dlpolarophile
R R
Figure 6. Modes of Approach of Addends In 
l,3**Dlpolar Cycloaddltlon Reactions
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By considering only frontier orbital interactions, the model 
used by Houk et al.,10 is the same as that proposed by Sustmann,40 
who classified 1,3-dipolar cycloaddltlons into three types that depend 
upon the relative disposition of l,3~dlpole and dlpolarophile frontier 
orbitals (Figure 7). The three types of interactions are referred to
dipolt dlpolarophile dipole dlpolarophile dipole dipolarophile 
LU— f  L U — y  j  LU f— LU
\ I
Type I  T y p e l l  Type HI
(HO Controlled) (H 0fLU Controlled) (LU Controlled)
Figure 7. Sustmann's classifications of 1,3-Dlpolar Cycloaddltlons
as HO controlled (the Interaction of the dipole HO with the dlpolaro- 
phile LU is greatest), HO, LU controlled (both frontier orbital inter­
actions are large), and LU controlled (the interaction of the dipole LU 
with the dlpolarophile HO is greatest). Sustmann has called these three 
limiting cases, Types I, II, and III, respectively.40
Reactivity in 1,3-dlpolar cycloaddltlons reactions is related 
to the relative disposition of the interacting frontier orbitals that are 
shown in Figure 7. Frontier orbital interactions for Types I and III 
reactions are large, due to the small energy difference between inter­
acting orbitals, and the rates of these kinds of reactions should be 
large. For LU, HO controlled cycloaddltlons (Type II), the frontier 
orbital interactions are smaller and reaction rates should be corres­
pondingly smaller. The effects that substituents have on the dipole
60
and dlpolarophile frontier orbitals are discussed In more detail later. 
Qualitatively, substituents which raise the dipole HO and LU energies, 
or lower the dlpolarophile HO and LU energies will accelerate HO con­
trolled reactions and decelerate LU controlled reactions. Conversely, 
substituents which lower the dipole HO and LU energies or raise the dl- 
polarophlle HO and LU energies will accelerate LU controlled reactions 
and decelerate HO controlled reactions. HO, LU controlled reactions 
will be accelerated by an Increase of either frontier orbital Inter­
action.10
Generalizations about the frontier molecular orbitals energies 
and coefficients of 1,3-dipoles and dlpolarophlles are given below.
These generalizations are subsequently used to account for relative re­
activities, regloselectlvlty, and perlselectlvlty (selective formation 
of one of several thermally allowed adducts) In nltrone cycloaddltlons.
2. Frontier Orbitals of 1,3-Dipoles
All 1,3-dipoles have in cornnon a three atomic orbital system 
containing four electrons analogous to an allyl anion. A quantitative 
comparison of the allyl anion and two representative 1,3-dlpoles is 
given In Figure 8. The allyl anion MD's were derived from CNDO/2 cal­
culations in which 120° bond angles and a 1.1(0 & C-C bond length were 
used, while in the case of formonltrile oxide (fulmlnic acid) calcula­
tions bond lengths obtained from optimization of the geometry (r_, ■CN
1.21 A, r^Q ■ 1.22 A) were used.10 Calculations for the parent nltrone 
employed 120° bond angles and estimated bond lengths (?OI - 1.32 A; r ^  -
1.21 A ).10 The sizes of the lobes of the 2 p orbitals in Figure 8 are 
roughly proportional to the coefficients obtained from these LCAO calcu­
lations, and energies are given In electron volts.
it J-9JL gsr* tO'
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Figure 8. CNDO/*> TT Orbitals of (a) Allyl Anion,
(b) CHjNO, the Parent Nltrone, and (c) Fomonltrlle Oxide
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Although th« approximate nodal propertlea of the allyl anion MO'a are 
preaerved in the dlpolea, the abaolute energies of the bonding orbitals 
are lowered considerably by the electronegative N and 0 atoms of the
1,3-dipoles. The allyl anion HO orbital has unusually high energy 
because of the charged nature of the anion. Formonltrlle oxide has a 
LU orbital energy slightly higher than that of the allyl anion. This 
may be attributed to the shorter bond lengths and linearity of the 
nitrile oxide molecule which results In increased antibonding and de­
creased 1,3-bonding, respectively, as compared with the allyl anion.10
The relative sizes of the terminal coefficients of the HO 
and LU orbitals of formonltrlle oxide are typical of most 1,3-dlpoles. 
The larger coefficient Is on the "anionic" terminus of the HO orbital 
and the "neutral" terminus of the LU molecular orbital. These dif­
ferences In the magnitudes of the terminal coefficients In the HO and 
LU TT orbital are, as discussed later, the source of regloselectlvity 
In 1,3-dipolar cycloaddltlons. Calculations for the parent nltrone 
show that the terminal coefficients for the HO orbital are approxi­
mately equal while the larger terminal coefficient for the LU orbital, 
like other 1,3-dlpoles, Is on the neutral terminus (Figure 8).10
The relationship between reactivity and the frontier orbital
energies of 1,3-dlpoles has already been mentioned. Frontier orbital
energies from experimental data or extrapolations from calculations for
the coonon 1,3-dlpoles are shown In Figure 9*10 Since changes In the LU
orbital energies parallel those of the HO orbital for any given series
of 1,3-dlpoles the energy of the HO orbital gives an Indication of the
reactivity of 1,3-dlpoles. That Is, when more electronegative atoms are
present (cf. changing from an azouethlne lmlne to a nltrone) both the HO
and LU orbitals will decrease In energy and the dipole LU will tend to 
be Increasingly Important In controlling reactivity.
HCNCHgHCNNH HCNO N N C I^ NNNH NNO HgCNHCHg H^NHNH H^CNHO H ^ O O ^  H ^O N H  HgCOO OOO
ii£ 1.5
•9 -----






Figure 9. Estimated TT Frontier Orbital Energies for the 1,3-Dipoles
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Frontier orbital energies have been measured experimentally 
for some dipoles and dipolarophlles. The HO orbital energy of a mole* 
cule is defined as the negative of Its Ionization potential (-I.P.), 
and the UJ orbital energy Is defined as the negative of Its electron 
affinity (-E.A.). Ionization potentials are readily accessible from 
photoelectron spectroscopic measurements, although so far, only a few
1,3-dlpoles have been studied. The Ionization potential of N-t- 
butylnltrone, for example, Is 8.64 eV and Its HO orbital energy is 
-8.64 eV. Electron affinities are, however, very difficult to measure 
and few electron affinities for dipoles and dipolarophlles are avail­
able In the literature. Consequently, LU orbital energies are almost 
entirely estimated from calculations and from ultraviolet spectral 
data.10 Calculated and experimental frontier orbital energies show 
the same trends, If not the same absolute values, for a given series 
of dipoles or dipolarophlles.
3. Frontier orbitals of Dipolarophlles 
Alkenes and Alkynes
Substituted ethylenes are conveniently divided into three
ee
broad classes: electron-rich (CH^CHX and CHgCHR), electron-deficient
(CHgCHZ), and conjugated (CH^CHC) alkenes. Qualitative conclusions 
about the frontier orbital energies and coefficients of ethylene and 
substituted ethylenes are given below.
The HO orbital energy of ethylene Is -10.51 eV (i.e., l.P. - 
IO.3I eV) and the IJU orbital energy Is estimated to be 1.5 eV.10 The 
orbital energies and coefficients of ethylene and the three classes of 







Figure 10. Estimated TT Frontier Orbital Energies and Coefficients for Dipolarophlles
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magnitudes were derived from CNDO/2 and EH calculations performed by 
Houk et al., and from calculations available In the literature.10 The 
orbital energies are based on experimental values of IT Ionization po­
tentials for compounds of a given class, and on measured or estimated 
electron affinities. Houk et al., have collected representative data 
from which these numbers are derived.10
Electron-rich alkenes are conveniently divided Into two sub­
classes: the electron-rich alkylethylenes (CHgCHR) and the very electron-
esrich alkenes such as enamlnes and enol ethers (CH^CHX). Both types of 
alkenes have frontier orbitals which are raised In energy with respect 
to those of ethylene (Figure 10). The alkylethylenes generally have 
Ionization potentials 1-2 eV lower than that of ethylene (.I.e., higher 
HO orbital energies than ethylene) depending upon the type and number of 
alkyl substituents. The greater the number of alkyl substituents, the 
less the Ionization potential and the higher the energy of the HO orbi­
tal. Propene, for example, has a TT ionization potential of 9.73 eV, 
and 2-butene has a TT Ionization potential of 9*1-3 eV.10 The LU orbital 
energies of alkylethylenes are estimated to change In the same direction 
as the HO orbital energies with alkyl substitution, but the changes In 
LU energies are smaller than the changes In HO energies. Trends In the 
destabilization of frontier orbital energies are similar, but more dras­
tic for the very electron-rich alkenes which are substituted with more 
powerful electron donors such as alkoxy and amino groups.10
The size of the 2p orbitals in Figure 10 are roughly propor­
tional to the calculated coefficients for representative members of 
each class of alkenes. The larger coefficient for the 110 orbital of 
electron-rich alkenes is on the carbon removed from Llie substituent and
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the larger coefficient for the LU orbital Is on the carbon adjacent to 
the substituent. The LU coefficients for alkylethylenes are approxi­
mately equal In magnitude.10
Conjugating substituents raise the HO and lower the LU orbital 
energies of ethylene. The larger coefficient for the HO and LU orbitals 
is on the carbon removed from the substituent.10
Electron-withdrawing substituents which are simultaneously 
conjugating (-COR, -CN, etc.) lower the HO orbital energy of ethylene 
only slightly, but have a much larger lowering effect on the LU orbital 
energy. The larger coefficients for the HO and LU orbitals for these 
alkenes are on the carbon removed from the substituent.10
Other generalizations about frontier orbital coefficients can 
also be made. 1,2-Dlsubstltuted ethylenes should have coefficients on 
both carbons which are more nearly equal in magnitude than those of 
monosubstituted alkenes. The two substituents of methyl trans-crotonate, 
for example, Influence the magnitude of a given frontier orbital co­
efficient oppositely so that the frontier orbital coefficients of methyl 
trans-crotonate are more nearly equal than those of the monosubstituted 
alkene, methyl acrylate.10
The general characteristics of the frontier orbitals of al­
kenes and alkynes are similar. The HO orbital of an acetylene Is lower In 
energy than the corresponding alkene, while the LU orbital of acetylene 
is slightly higher in energy than that of ethylene.10
The frontier orbitals of 1,3-dlpoleo were described earlier 
in this Section. Houk ct cl.*10 have shown that electron-donating, 
conjugating, and electron-withdrawing substituents generally have the 
same effect on the frontier orbitals of 1,3-dipoles as they have on the
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frontier orbitals of ethylene. The HO and LU orbital energies of C- 
phenyl-N-methylnitrone (5), for exaople, are higher and lower, respec­
tively, than the corresponding frontier orbital energies of N-.t- 
butylnltrone (13). Applications of these Ideas are discussed In Sec­
tion II B.
Fulvenes
Fulvenes are reactive (highly perturbed) trienes having only 
slightly differing sterlc requirements for different modes of reactions. 
The frontier TT orbitals (relative energies and coefficients) of fulvene 
are shown schematically In Figure 11. This order of energies Is found
for the parent system by several methods of calculation.41 Both calcu­
lations and Ionization potentials from photoelectron spectroscopy show 
that the "NHO" (next to highest occupied) TT orbital Is destabilized more 
than the HO TT orbital by substituents at the 6-posltlon so that these two 
MO's have similar energies, perhaps In reversed order, In some fulvenes 
such as 6,6-dlphenylfulvene. The energies of the HO and NHO orbitals of 
fulvene are similar to the energy of the HO orbital of a conjugated dl- 
polarophlle. The energies of the LU orbitals of fulvene, 6-conjugated, and 
6 ,6-dialcyl fulvenes are similar to those of electron-deficient dipolarophlles
NHO b,
Figure 11. Frontier Orbitals of Fulvene
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(Figure 10). Arguments ebout reactivity for reactions of 1,3-dipoles 
and fulvenes follow those given earlier In this Section for alkenes 
and alkynes.41
J*. Reactivity, Regloselectlvlty, and Perlselectlvlty
The frontier orbital explanation of reactivity for 1,3- 
dipolar cycloaddltlon has been discussed earlier In this Section In 
connection with the basic concepts of frontier orbital theory (page 39). 
Qualitatively, the preferred reglolsomer In a 1,3-dlpolar cycloaddltlon 
will be that one In which the atoms with the larger terminal coefficients 
In the most strongly Interacting pair of frontier orbitals are united. 
This Is shown schesuitlcally In Figure 12. Case (a) results in greater 
transition state stabilisation than case (b). The reaction of nltrones,
Figure 12. Schematic Representation of Greater Stabilization 
of Transition State (a) than (b) Due to Different 
Coefficient Magnitudes
for example, with electron-rich dipolarophlles are LU controlled reac­
tions where the dominant frontier orbital interaction Is between the 
dipole LU and the dlpolarophlle HO. Union of the larger terminal co­
efficients for this interaction will lead to the formation of the 5- 
substltuted product with the dlpolarophlle substituent near the anionic 
terminus of the nltrone (Figures 8 and 10). Other examples are given 
In Section 11 B.
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"Periselectivity" refers to the selective formstlon of one 
of several thermally allowed products in a cycloaddltlon reaction.
The thermally allowed 1:1 cydoadducts of l,3adlpol«s and fulvenes are 
shown In Figure 1 (Section I A). For concerted cycloaddltlons of nl- 
trones to fulvenes, the favored regiolsomer and perlisomer will be 
that In which the larger coefficients In each of the Interacting fron­
tier orbitals are united. That is, regloselectlvlty and perlselecvl- 
vlty are controlled by the same Interactions. Applications of these 
Ideas are discussed In Section II B.
PART B Reactions of Nltrones
1. Reactivity in Nltrone Cycloaddltlons
The frontier orbital energies for dipolarophlles, the parent 
nltrone (a tautomer of formaldoxime), (>phenyl-N-methylnltrone and 
J4-£-butylnltrone are shown in Figure 13. These orbital energies are 
based on experimental data and/or calculations (Section II A).10
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The reactions of N-Jt-butylnitrone with dipolarophlles may be 
grouped according to Sustmann's classifications (Section II A). A 
crossover from LU control for electron-rich dipolarophlles to HO con­
trol for electron-deficient dipolarophlles Is expected. Reactions with 
electron-deficient dipolarophlles (CITCHZ) are Type I (HO controlled) 
eyeloaddltIons In which the dipole HO-dlpolarophlle LU interaction is 
dominant. The reactions with conjugated dipolarophlles (CHg^CHC) are 
Type II (HO, LU controlled) eyeloaddltIons In which both frontier orbi­
tal Interactions are large. Finally, the reactions of N-t-butylnltrone 
with electron-rich dipolarophlles (CH2"CHK and CH2“CHR) are Type III 
(LU controlled) cycloaddltions In which the dipole LU-dlpolarophlle HO 
Interaction Is the greatest. The reactions of C-phenyl-N-methylnitrone 
can be classified In a similar way.
The reactivity and regloselectlvlty of nltrone cycloaddltions 
can be rationalized by the data given In Figure 13. For both LU con­
trolled reactions with very electron-rich dipolarophlles and HO con­
trolled reactions with very electron-deficient dipolarophlles, the Inter­
action of one frontier orbital of the nltrone with one frontier orbital 
of the dlpolarophlle Is very large due to their small energy difference, 
and the rates of these kinds of reactions should be large. For LU, HO 
controlled cycloaddltions of nltronea the frontier orbital Interactions 
are smaller and reaction rates should be correspondingly smaller.
To verify these Ideas, rate constants for the reaction of 
N-t-butylnltrone with a large number of dipolarophlles were measured. 
Reactions of equlmolar quantities of reactants were carried out in 
sealed nmr tubes under nitrogen, and the disappearance of the nltrone 
was monitored by mar spectroscopy.
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For a second-order reaction utilizing equal Initial concen­
trations of reactants, the Integrated form of the rate expression is 
1/X - 1/Ao * kt, and k ■ l/(A<>)t̂ , where k is the second order rate 
constant, Ao Is the initial concentration of reactants, X is the con­
centration of one reactant at time t, and t^ Is the reaction half-life?2 
Half-lives were determined from plots of X versus t and 1/X versus t 
where the concentrations of the reactants were assumed to be directly 
proportional to the peak height of the methylene proton singlet of 
N-t-butylnitrone (6.0-7.0 ppm). The rate constants for four different 
reactions were determined from both peak height and integrated area 
data, and the rate constants for each reaction determined by the two 
methods differed by less than 10$ from the average of the two values. 
Similarly, rate constants calculated from peak height data for one re­
action repeated three times differed by less than 10$ from the average 
of the three measuresients. In summary, reported rate constants are 
estimated to be within 30$ of rate constants that may be determined by 
more accurate techniques.
Rate constants measured at one temperature were extrapolated 
to 23, 83* and 120° C by assuming an activation entropy of -28 eu. 
Activation enthalpies were also calculated.43 HuIsgen made a similar 
assumption and rate constant extrapolations for the reaction of C- 
phenyl-N-methylnltrone with several dipolarophlles.30
Some reaction rates were too great at room temperature to 
sieasure half-lives by nmr spectroscopy. A lower limit for these rate 
constants was estimated at 23° and extrapolated to higher temperatures. 
Rate data are given in Table X.
TABLE X
KINETIC DATA FOR REACTIONS OF N-t-BUTTLNITRONE







H-CaC-CN CCi4 * 11.5b 25° * 2,000b i 65,OOOb * 300,000b
ch2-chno2 CDClg £ 11.5b
*





CH^-CBCO^CH3 CC14 * 11.5 25° > 2,000° * 65,000 * 300,000b
Q-0 CDClg s 11.5b 250 * 2,000b * 65,OOOb * 300,000b
CHsCHCnN CCi4 s 11.5b 25° * 2,000b * 65,OOOb 2: 300,000b
PhN-C-0 CC14 12.1+ 35° 380 15,000 80,000
H-C«CCOsEt CC14 12.7 35° 220 9,800 53,000
ch2-c(ch3)co2ch3 CC14 12.9 250 170 7,800 1+3,000
CHs-C(QAc)CN CC14 12.9 250 150 7,100 39,000
CHg-CCCHgJCN CC14 13.2
0i/\CM 110 5,300 30,000
CHa-CHSOaPh0 CDClg 13. fc 35° 73 3,900 23,000
CH3CH-CHCHO CC14 15.0 70° 5.1 1+20 3,000
CH2-CHPh CC14 15.3 70° 2 .8 260 1,900
CHs-CHSPh CC14 1 5 .^ 80° 2 .2 210 1,600
CH^ROCHaCHtCHs ) 2 CC14 15.5 80° 2 .1 200 1,500








CHg-CH(CH2) jPh CCI4 16.7
CH^-C(CH3 )Ph CCI4 17.0
H-CsC-(CH2)3Ph CCI4 17.5
CHgCH-CHPh CCI4 19.1
70° 1.1 120 970
80° 0.5I 61 520
80° 0.49 60 510
80° 0.35 3̂ 370
80° 0.28 38 330
80° 0.27 37 320
80° 0.17 25 230
90° 0.067 11 110
120° o.ookk* 1.2e 14*
a. Refer to Sections n  B and III C for an estimate of errors and for experimental details for these data.
All dlsubstltuted alkenes are the trans Isomers.
b. These reactions were exothermic and half-lives were too short at 25° to be measured by nmr spectroscopy.
c. Rate constants were extrapolated from the average of two rate constants measured by nmr spectroscopy.
One rate constant was determined by peak height measurements and the other by Integrated area measure­
ments. The two rate constants differed by less than 5^ from the average of the two values.
d. Rate constants are the average of three extrapolations from three different rate constants measured by 
nmr spectroscopy. The original data were determined by peak height measurements and each of the three 
rate constants differed by less than 5$ from the average of the three values.
e. N,-t:-Buty Ini t rone decomposed rapidly at 120° and these rate constants are only approximate.
-3
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The crossover In the control of reactivity of N-t-butyl- 
nltrone cycloaddltions Is shown In Figure lij with three examples from 
Table X. The HO energies of ll-j:-butylnltrone and the dipolarophlles 
are taken as the negative of their Ionization potentials and the LU 
energies are estimated from experimental data and/or calculations 
(Section II A). A graph of the Ionization potentials of the dipolaro­
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Figure U. Crossover In the Control of Reactivity of 
N^t-Butylnitrone Cycloaddltions
Since sterlc effects are not taken Into account In the frontier orbital 
treatment of these reactions, rate constants for reaction of two alkenes 
which have similar Ionization potentials can be quite different If sterlc 
effects are much different for the two reactions. Styrene (i.P. “
8.1»8 eV)1,0 for example, Is 600 times more reactive with N-t-butylnltrone
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than trans-0-methylstyrene (i.P. ■ 8.38 eV)26* at 25°. Isopropenyl acetate 
(i.P. ■ 9.Jk eV)26a is totally unreactive with N-£-butylnltrone, even at 
120°, whereas vinyl acetate (i.P. - 9.85 eV)26a and N-t-butylnitrone react 
slowly at 80°. Sterlc effects in the reactions of C-phenyl-N-methyl- 
nltrone with alkenes was reviewed in Section I C. Additional discus­
sion on sterlc effects is given below.
A subtle verification of frontier orbital rationalizations of 
reactivity is provided by the reactions of pheny1-N-methyInitrone
with £-8ubstltuted styrenes. The reaction of C_-pheny l-̂ J-methy Ini trone 
(i.P. « 7.89 eV)2ea and styrene (i.P. * 8.J*8 eV)10 is dipole HO controlled. 
Electron-releasing substituents on styrene will raise the energies of 
the HO and LU orbitals, causing a decrease in the dominant frontier 
orbital interaction and a decrease In the rate of the reaction.
Electron-withdrawlng substituents on styrene will lower the energies 
of both the HO and LU orbitals and lncreasa the reaction rate relative 
to that of styrene. The data of Hulsgen30 are summarized in Table XI.
TABLE XI
Reactions of Phenyl-J£-Methylnitrone 










The reaction constant, p, for this set of reactions is posi­
tive which, In a classical treatment of this type of data, suggests 
that the transition states for these cycloaddltions have a charge dis­
tribution which Is stabilised by electron-withdrawing substituents and 
destabilized by electron-donating substituents on styrene. Polar 
transition states or dipolar Intermediates In these reactions should be 
reflected by greater reaction rates In more polar solvents. In fact 
Hulsgen30 has found that cycloaddltions of £-phenyl-N-methylnltrone are 
slower by a factor of five to six In more polar solvents (Section I C). 
Similar results have been obtained In these studies and are discussed 
below. The frontier orbital Interpretation of these data Is more satis­
factory.
The relative reactivities of different nitrones can also be 
rationalized by frontier orbital concepts. Substituents In conjugation 
with the 4 TT electron system of nitrones compress the frontier orbital 
energies (Section II A). The HO orbital and the LU orbital of 
diphenylnltrone, for example, are higher and lower, respectively, In 
energy than the corresponding frontier orbitals of £-phenyl-ll-inethyl- 
nitrone. Consequently, the frontier orbital interactions of C,N- 
dlphenylnltrone with a given dlpolarophlle are always greater than 
the corresponding Interactions of £-phenyl-ll-methylnltrone and the 
former should be the more reactive nltrone. In accord with these Ideas, 
the rate constants for the reaction of £-phenyl-N-methylnltrone, £,N- 
dlphenylnltrone, and £-be nzoyl-_N-phenyl nltrone with ethyl crotonate In 
toluene at 100° are 10.7* *3̂ .0 * and 6200, respectively.30
The HO orbital and the LU orbital energies of <C-phenyl-N- 
methylnltrone are higher and lower, respectively, than the corresponding
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frontier orbital energies of N-t-butylnltrone (Figure 13). Conse­
quently, considering electronic factors only, C>-phenyl-N>-methylnltrone 
should be siore reactive than £-,£-butyInitrone with any given dipolaro- 
phlle. However, just the opposite Is observed. Rate data Illustrating 
these observations are given In Table XII.
TABLE XII
A COMPARISON OF THE REACTION RATES OF fPHENYL-jl-METHYLNITRCNE,
N-_t -BUTYLNITRONE, AND 3,4- DIHYDROISOQUINOLINE N-OXIDE*
Rate I Rate II Ratio
Dlpolarophlle 10^ke( 1-mole' ̂ sec" x) II/I
CHg-N
PIT 0 0
Methyl acrylate 00to * 300,000C * 781
Aerylonltrlie 279 i 300,000° * 1075










Vinyl acetate 510° 70
1-Heptene 2.64b
4-Phenyl-1-butene 320° 121
ar-Methylstyrene 1.07b 230° 215
Cyanoecetylene 5500
V *Ph 0
* 300,000° * 55
Ethyl Crotonate 2kOOb 10.7b 224
a. All rates were either sieasured at 120° or extrapolated to 
120° assuming an entropy of activation of -28 eu.
b. Ref. 50. Toluene was used as the solvent.
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c. This work (see discussion, page 72). Carbon tetra­
chloride was used as the solvent.
d. This work (see discussion, page 72). Deuterochloro- 
form was used as the solvent.
The sterlcally unencumbered N-t,-butylnltrone should be more 
reactive than the sterlcally hindered £-pheny 1-ll-methy Ini t rone. How­
ever, the large difference In the reactivity of £-phenyl-N-methylnltrone 
and N-at-butylnltrone with the very reactive dipolarophlles, methyl 
acrylate and acrylonltrlle, cannot be attributed solely to sterlc 
factors. Apparently, electronic factors which are not clearly Identi­
fiable In the qualitative Ideas of frontier orbital theory account for 
these Inordinately large rate differences.
Other data of Table XII show that N-t-butyInitrone Is from 
16 to 333 times more reactive with a given dlpolarophlle than C-phenyl- 
fr-methylnltrone. These differences may be attributed largely to sterlc 
factors. Supporting this conclusion Is the fact that 3,^-dlhydrolso- 
qulnollne N-oxide is 22k times more reactive with ethyl crotonate than 
the electronically similar but sterlcally different O-phenyl-JN-methyl- 
nltrone.
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2. Regloselectlvlty in Nltrone Cycloaddltions
The regloselectlvlty of nltrone cycloaddltions can be ration­
alized also by frontier orbital concepts. The preferred reglolsomer in 
nltrone cycloaddltions will be that one In which the larger terminal co­
efficients of the Interacting frontier orbitals are united (Section II A). 
The frontier orbital Interactions may be LU controlled, LU, HO controlled, 
or HO controlled. The free radical theory of Firestone7 and the sterlc 
arguments of Huisgen9 discussed In Section I C do not account for the 
products formed In reactions of nitrones with very electron-deficient di­
polarophlles , and these arguments are no longer necessary to account for 
the products formed In other nltrone cycloaddltions.
a. Reactions with Electron-rich Dipolarophlles
The frontier orbital interactions of N-t^butylnitrone with 
electron-rich dipolarophlles are shown in Figure 15. The terminal co­
efficients of the HO orbital of N-t-butylnitrone are approximately the
same and the larger terminal coefficient of the LU orbital is on carbon. 
Electron-rich dipolarophlles have the largest terminal coefficient on 
the carbon removed from the substituent in the HO orbital and on the 
carbon attached to the substituent In the LU orbital (Section II a ).
The reactions of electron-rich dipolarophlles with the sterlcally un­
encumbered N-jt-butylnltrone are LU controlled and all cydoadducts 
Isolated are 5-substltuted lsoxazolldlnes, ^-substituted Isoxazolines, 
or compounds derived from these products. Sterlc arguments are un­
necessary In explaining these results. Reaction yields and reaction
rates are summarised in Table XIII.
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1-(N-Pyrrolldlno)-l-cyclopentene A Ss 2,000
Phenyl vinyl sulfide C 96 2.2
Isobutyl vinyl ether C 61 2.1
1-(N-Morphollno)-l-cyclohexene Bb 1.2
Vinyl acetate C 1*6 0.1*9
4-Phenyl-1-butene c 87 0.27
5-Phenyl-1-pentyne D 36 0.067
Ethoxyacetylene E
Isopropenyl acetate E
a. See Table X.
b. Nmr and lr spectra shown in Appendices A and B.
A, Product(s) not Isolated. Only the reaction rate was measured; B, 
structure of Isolated product not determined; C, ^-substituted lso- 
xazolldlne; D, Isolated as i-£-butyl-2-(l*-phenylbutyryl)-azlridlne; E,
No reaction. See Section III C for experimental details.
Structure Proofs
The structures of the ^-substituted isoxazolldlnes were im­
mediately apparent from their nmr spectra. The absorption for the C-5 
ring proton of each product appeared as a multiplet in the range 6 6.30- 
3.55. The absorptions for the C-3 and C-l* ring protons appeared as mul- 
tlplets in the range 3.20-1.50 ppm. Nmr spectra of typical 4- and 5- 
substltutad Isoxazolldlnes and 4- and ^-substituted lsoxazollnes are 
shown In Appendix A. Spectral data and elemental analysis for new com­
pounds are given in Section III C.
The anticipated 5-morphollnolsoxazolIdlne was not isolated 
from the reaction of N-_t-butyl nit rone and l-(N-morphollno)-l-cyclohexene.
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Several preparations always gave a white crystalline compound (1*0) of 
mp 108-111°. Elemental analysis and mass spectral data Indicated that 
the empirical formula of the substance Is Cu H2iN02l which Is consistent 
with the loss of morphollne and addition of water to a 1:1 adduct. No 
structure assignment was made for thla compound. The formation of un­
usual and frequently unidentifiable products In the reactions of enamlnes 
and nitrones has been described In the literature and has been reviewed 
In Section I C.
The only product isolated from the reaction of N-t-butyl- 
nltrone and 5-phenyl-1-pentyne was l^t-butyl-2- (!*-phenylbutyry 1)- 
azlrldlne, presumably formed by the rearrangement of 2-_t-butyl- 5-(3- 
phenylpropyl)-A*-isoxazoline. Spectral data (a carbonyl absorption in 
the ir spectrum and no oleflnlc protons In the nmr spectrum) and ele­
mental analysis confirm the structure of the azlrldlne. Rearrangements 
of lsoxazolines are discussed later In this Section.
b. Reactions with Conjugated Dipolarophlles
The frontier orbital Interactions of N-t-butylnltrone and 
conjugated dipolarophlles are shown In Figure 16. Both frontier 
orbital lnteractiona are appreciable for most conjugated dipolarophlles 
and the reactions are LU, HO controlled. Since the HO coefficients of 
N-j:-butylnltrone are approximately equal, regloselectlvlty Is still 
controlled by the nltrone LU orbital coefficients and only the 5- 
substltuted isoxazolldlnes and ^-substituted lsoxazolines are formed. 
Sterlc arguments are unnecessary to explain these results. Reaction 








REACTIONS OF N-t-BUTYLNITRCNE WITH CONJUGATED DIPOLARGPHILES
Dlpolarophlle Product $Tleld
Rate Constant (25°)a 
lO^kgi 1-mole* ̂ sec" *)
Styrene A 73 2.8
Phenylacetylene B 00 1.2
cr-Methylstyrene A 72 0.17
trans-6-Methylstyrene A 1*6 0.0044
a. See Table X.
A, ^-substituted Isoxazolldlne; B, 5-substltuted lsoxazollne.
Structure Proofs
The chemical shifts and splitting patterns In the nmr spectra 
of the styrene adducts were characteristic of ^-substituted lsoxazoli- 
dines. The chemical shifts of the C-5 proton of the styrene and txans- 
/3-methylstyrene adducts are 6 4.86 dd and 6 4.28 d, respectively. The 
resonances due to the C-J and C-4 methylene protons of the ar-methyl- 
styrene edduct are centered at 2.50 ppm.
The structure of the phenylacetylene adduct, 2-Jt-butyl- 5- 
phenyl-A4-lsoxazo line (U), was not immediately obvious from its nmr 
spectrum since only one of the two possible regiolsomers was formed.
6a 4.00 d 
«B 5.00 t
»7
However, both b- and 5-substltuted lsoxazolines were isolated and 
characterized in reactions described below and the phenylacetylene ad­
duct can definitely be assigned the structure 1+1 by a comparison of 
its nmr spectrum to those of other lsoxazollnes.
c. Reactions with Electron-deficient Dipolarophlles
The frontier orbital interactions of &-£.-butylnltrone and 
electron-deficient dipolarophlles are shown in Figure 17. The domi­
nant frontier orbital interaction is between dipole HO and dlpolarophlle 
LU, and the reactions are HO controlled. Since the HO coefficients of 
N-t_-butylnitrone are approximately equal, regloselectlvlty is still 
controlled by the nltrone LU orbital coefficients. Only the ^-substi­
tuted Isoxazolldlnes are formed from the monosubstituted and the 1,1- 
dlsubstltuted alkenes for which the larger coefficient in the HO orbital 
la alwaye on the carbon removed from the substituents. The 1,2- 
dlsubstituted alkenes have HO and LU orbital coefficients which are 
more nearly equal (Section II A); consequently, regloselectlvlty is 
lost and a mixture of both k- and ^-substituted isoxazolldlnes are 
formed. Again, sterlc arguments are unnecessary to explain these re­
sults. Reaction yields and reaction rates are summarized in Table XV.
LU
W  r H
~ r
i a





REACTIONS OF N-t-BUTYLNITRONE WITH ELECTRON-DEFICIENT DIPOLAROPHILES
Dlpolarophile Product Yield#
Rate Constant (25°)a 
lO^gC 1-mole" ̂ aec" x)
Methyl acrylate Ab 78 £ 2,000
Acrylonltrlle A 72 i 2,000
Methyl methacrylate A 58 170
1-Acetoxyacrylonltrlle A 79 150




Methyl crotonate 67 O.5I
A° 1«0
Bd 60





a. See Table X.
b. Sea nmr spectrum In Appendix A.
c. See nmr spectrum in Figure 18.
d. See nmr spectrum in Figure 19.
A, 5-substituted isoxazolidlne; B, ^-substituted lsoxazolldlne; C , pro­
ducts not Isolated. Only the reaction rate was measured. D, no reac­
tion. See Section III C for experimental details.
Structure Proofs
The nmr spectra of the ^-substituted cycloadducts of methyl 
acrylate (1»2) , methyl methacrylate, aerylonltrile, and substituted ucry- 
lonitrlles were all very similar. The absorptions of the &)and ring protons 
of these adducts were multiplets with chemical shifts in the range 6 ^.20-1.50
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with complex splitting patterns characteristic of adjacent methylene 
groups. The C-5 proton absorptions of the methyl acrylate and acrylo­
nltrlle adducts were centered at 4.30 and 4.60 ppm, respectively, and 
are characteristic chemical shifts of ^-substituted lsoxazolines.
- fN a R x-CHO
S  ^0 b Kx - COaCHg S  ^
CH3




The crotonaldehyde adducts 43a and 44a were Isolated in a 
ratio of 53:^7. The nmr spectra of these compounds clearly reveal 
their identities. The C-5 proton (H^) absorption of 43a is a doublet 
of doublets centered at 6 3.56 and coupled to (J ■ 4.0 Hz) and to 
the aldehydlc proton (J ■ 1.5 Hz). The C-5 proton absorption (H^) of 
i*4a appears as a five-line pattern centered at 6 4.10. The remaining 
three ring protons appear as a complex multlplet at 3.35-I.85 ppm.
The methyl crotonate adducts 43b and 44b were Isolated in 
the ratio of 40:60. The chemical shifts of the ring protons of 43b 
and 44b were very similar and definite structure assignments were made 
only after spin decoupling experiments were completed. The spin de­
coupled spectra of the two reglolsomers era shown in Figures 18 and 19
A 31:69 mixture of methyl clnnamate adducts 45 and 46 could 
not be separated by preparative layer chromatography. However, the 
ratio of reglolsomers was detarmlnad by lntagratlon of the proton ab­
sorptions of H^ and H^ which were well resolved in the nmr spectrum of
CO.CH
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Figure 19. Nmr Spectrum of trans-2-t-Butyl-VCarbomethoxv-S-Hethvllsoxazolldlne
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the mixture. Proton HA was assigned to an absorption at 6 4.26 d, and 
proton Hj was assigned to an absorption at 6 5.OO-5.5O m. Consistent 
with these assignments are the chemical shifts of proton HA * [6 4.50 dd] 
of 47 and Hfi/ [6 4.86 dd] of 48. The remaining ring protons of 45 and 
46 appear as a broad multlplet centered at 5*1-5 ppm.
d. Reactions with Very Electron-deficient Dlpolarophlles
The frontier orbital interactions of nltrones (N-t-butylnitrone 
and C-phenyl-N-methylnltrone) and very electron-deficient dlpolarophlles 
are shown In Figure 20. Very strong electron withdrawing groups lower 
the frontier orbital energies (HO and LU) of these dlpolarophlles so 
that the reactions are strongly HO controlled. The HO orbital energy 
of ethyl proplolate (i.P. ■ 11.15 eV^for example, Is lower than the HO 
orbital energy of methyl acrylate (i.P. ■ 10.72 eVff and the Inter­
action of the dipole HO orbital with the dlpolarophlle LU orbital 
(which favors formation of the 4-substltuted adduct) Is greater with 
the proplolate than with the acrylate. The same comparison can be made 
between cyanoacetylene (i.P. ■ 11. 81 eV)Pand acrylonltrlle (i.P. *
10.91 eV)*°
9̂
Regloselectlvlty In these cycloadditlons Is controlled by the 
terminal coefficients of the dipole HO and dlpolarophile LU orbitals, 
and the formation of U-substltuted Isoxazolldlnes and ^-substituted lso- 
xazollnes was predicted. These Ideas were confirmed and reaction data 
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Figure 20. Frontier Orbital Interactions of C-Phenyl-N- 




REACTIONS OF N-t-BUTYLNITRONE AND C-PHBIYL-N-METlffLNITRONE 





Rate Constant (25°)a 
lO^^l-mole" x-sec” -1)
H-A-Butylnitrone
Cyanoacetylene 50:50 58 2: 2,000
Nitroethylene 100:0 c s 2,000
Ethyl proplolate 70:50 71 220
Phenyl vinyl sulfone 70:30b 98 73
£-Pheny1-fl-MethyInitrone
Cyanoacetylene 0:100 82 14
Nitroethylene 0:100 76 7.5
Ethyl proplolate 42:58d 92d d
Phenyl vinyl sulfone 32:68b 86 0.20
a. See Table X and Table XVII.
b. See nmr spectrum In Appendix A.
c. Product not Isolated. See Section III C for experimental details.
d. Reported by Hulsgen, Chem. Ber.. 102. 904 (1969), and rate data were
not given.
A, 5-substltuted lsoxacolldlne or 5-substltuted lsoxazollne; B, 4- 
substltuted lsoxacolldlne or 4-substituted lsoxazollne.
The loss of regloselectlvlty In the reactions of nltrones 
with very electron-deficient dlpolarophlles might at first glance be 
construed as evidence for the formation of dipolar intermediates in 
these cycloadditlons. The 4-substituted (reversed) products are those 
isomers expected to be favored In the reactions of C-phenyl-N-methyl- 
nltrone If dipolar Intermediates are formed. That Is, the zwltterion 49a 
is expected to be more stable than the zwltterion 50a. Similarly, 49b
96
a Rs ■ Ph, R3 " CH3




should be more stable then 50b. Dipolar Intermediates formed from very 
electron-deficient dipolarophiles , i.e., when Z - NO*, SO^Ph, or C^l, 
should be especially stable. Formation of these zwltterlons should be 
facilitated by highly polar solvents, and cycloaddltlons Involving an 
increase in charge separation should exhibit a strong enhancement of 
rate with Increasing solvent polarity. On the other hand, a concerted 
reaction would show little or no change in rate with a change in solvent 
polarity.
To test whether reactions of very electron-deficient dlpolaro­
phlles Involve dipolar intermediates, rate constants for a representa­
tive reaction of this type were measured in four different solvents.
The reaction of C-phenyl-N-methylnltrone and cyanoacetylene shows reversed 
regloselectlvlty and was an ideal choice for these studies. Rate data 
are suaaarlzed in Table XVII. The rate acceleration by an Increase in sol­
vent polarity expected if dipolar intermediates were formed was not ob­
served. In fact, the reaction rate was slower in methanol-d4 than in 
benzene-d0. Similar results obtained by Huisgeir30 were discussed in 
Section I C.
The dipole moments of the very electron-deficient dlpolaro­
phlles could conceivably Influence reglochemistry in nltrone cycloaddltlon
TABLE XVII




Height Solvent H*, kcal
k2 X 10s (1-mole*i-sec*1)*
25° C 85° C 120° C
r»bReactions of C-Phenyl-N-Methylnltrone with Cyanoacetylene at 35
X CaPe 14.2 19 1,300 8,200
X CeDe Ik.2 19 1,200 8,000
X (D-C"C-CsN)C CDCI3 14.3 15 1,000 6,800
X DMS0-de 14.3 15 1,000 6,700
X CDCI3 14.4 14 980 6,500
X CDCI3 14. k 13 900 6,000
X (D-CsC-C^O D3C0D 15.2 3.4 500 2,200
Reaction of C-Phenyl-N-Methylnitrone with Nitroethylene at 60°
X CDCI3 14.7 7.5 500 4,000
Reaction of £-Phenyl-N-Methylnltrone and Phenyl Vinyl Sulfone at 80°
X CDCI3 16.9 0.20 28 260
a. Rate constants were measured by nmr spectroscopy. Refer to Sect lots II B and III C for an esti­
mate of errors and for experimental details for these data.
b. ReactIona were followed without Interruption by nmr spectroscopy and reported rates are estimated
to be within 10$ of values that may be determined by more accurate techniques.
c. Cyanoacetylene is Instantly deuterated in D3C0D.
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reactions. In a concerted cycloaddltlon, the reactants approach each 
other in parallel planes with no solvent molecules between them In the 
transition state (Section I C). Electrostatic forces Influence the 
approach of the two molecules until the distance separating them Is 
small enough for covalent bonding to begin. The most favorable electro­
static Interaction of the approaching reactants Is that In which their 
dipole moments are antiparallel. It appears as though the reversal of
regloselectlvlty In the reaction of C-phenyl-N-methylnltrone ■ 3-55 D)3°
£and cyanoacetylene " 3.72 D)44 shown In equation (3) could be con­





r 3>C— + N*C-C«C-H >  Ph ̂  J  (3)
U  3-55 D>  <  n - 3.72’d
NaC H
PhHp h >C— !l^ +  CH3-CIKMI
0
J -  3.55 D >  J -  3-87 D >
However, the reaction of C-phenyl-N-methylnltrone with acrylonltrlle 
(|i ■ 3*87 D)44 shown In equation ( gives only the most "electrosta­
tically unfavorable" product. The regiochemlstry observed In both of 
these reactions Is In accord with frontier orbital theory. The dipole
a. This work.
b. Reference Wj.
LU - dlpolarophlle HO Interaction strongly favors formation of the •?- 
substituted adduct of Equation (4), whereas the dipole HO - dipolaro- 
phlle LU Interaction only weakly favors formation of the U-substituted 
adduct of Equation (3) because of the similar coefficients of the HO 
orbital. Not until the latter Interaction becomes much greater than 
the former does reversal of reglochemlstry occur. Once the dipole LU 
Interaction Is sufficiently small, dlpole-dlpole Interactions which 
favor formation of the substituted product of Equation (3) may be­
come dominant.
The data of Table XVI are consistent with other qualitative 
predictions of frontier orbital theory. Cyanoacetylene (i.P. « 11.81 ev) 
for example, has lower frontier orbital energies (greater frontier 
orbital Interactions with the nitrone HO) than those of ethyl proplo­
late (i.P. ■ 11.15 eV)^consequently, In accord with theory, cyanoace­
tylene shows greater reactivity and greatar formation of the reversed 
reglolsoswr with a given nitrone. The HO orbital energy of C-phenyl-N- 
methylnltrone (i.P. ■ 7*89 eV) Is higher than the HO orbital energy of 
N-t.-butylnltrone (i.P. —  8.6U eV) and, In accord with theory, £-phenyl- 
N-methylnltrone has a greater propensity (greater HO frontier orbital 
Interaction) than N-it-butylnltrone for formation of the reversed reglo­
lsomers with very electron-deficient dlpolarophlles. In addition, 
thasa data show that regloselectlvlty Is controlled by electronic and 
not sterlc factors. N-£-Butylnltrone reacts with cyanoacetylene and 
ethyl proplolate to give a mixture of reglolsomers while the same ni­
trone reacts with the sterlcally similar acrylonltrlle and me thy1- 
acrylate to give only the normal adducts. More convincingly, C-phenyl- 
N-methylnltrone reacts regloselectlvely with cyanoacetylene and
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nitroethylene to give the more sterlcally hindered U-substltuted hetero- 
cycles.
Structure Proofs
Cyanoacetylene and N^t-butylnitrone reacted rapidly and exo- 
thermlcally at 25° In CC14 to give a 50:50 mixture of laoxazollnes 





Structure assignments from spectral data were especially 
straightforward since both reglolsomers were Isolated. The ring pro­
tons of both Isomers have a characteristic AX2 spin-spin coupling pat­
tern In their nmr spectra. The chemical shifts for the oleflnlc pro­
tons Hg of the normal Isomer 5la and of the reversed isomer 52a are 
6 5.62 t and ft 7.10 t, respectively. The chemical shifts of the methylene 
protons of the normal Isomer and Hq of the reversed isomer are both
6 U.05 d. Coupling constants for 5la and 52a are J ■ 3.0 Hz andAB
JCT ■ 2.0 Hi, respectively. The large difference In the chemical shifts 
of the oleflnlc protons In the two reglolsomers makes these structural 
assignments unambiguous.
Ethyl proplolate and N-_t-buty Ini t rone reacted rapidly and 
exothermlcally at 25° In CC14 to give a 70:30 mixture of 51b and 52b. 
Coupling constants and chemical shifts for the ring protons of these 
reglolsomers were essentially Identical to those of the cyanoacetylene
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adducts: 4.00 d, 6^ 5.60 t, *2.5 He; and 6C 4.00 d, 6D 7.11 t,
JCD " 2*° “*•
Nltroathylana and N-Jt-butylnltrone reacted rapidly and exo- 
thermlcally at 25° In CC14 to give only 2-t^-butyl-5-nltrolsoxazolidlne. 
The product was stable Indefinitely In the reaction solvent under nitro­
gen, but decomposed rapidly on either silica gel or aluminum oxide pic 
plates. The nmr spectrum (CC14) Is characteristic of ^-substituted 
lsoxasolldlnes: 6 2.60-3.20 (-CHaCHg-, m, 4H) and 5.40-5.60 (0CHN02,
m, 1H).
Phenyl vinyl sulfone and N-£-butylnltrone reacted quantita­
tively at 5O0 to give a 70:30 mixture of the normal and reversed reglo­
lsomers which could not be separated by pic. The ratio of Isomers was 
determined by mac spectroscopy. The normal adduct, 2-<t-butyl-5- 
bensenesulfonyllsoxazolldlne (53), was Isolated as a solid (mp ■ 91- 
93°) by fractional cryatalllzatlon from the reaction mixture. The ring 
protona In the nmr apectrum of 33 In CDC13 were characteristic of 5- 
substltuted lsoxasolldlnes: 6 2.40-3.20 (-CH^CHg-, m, 4H) and 6 4.70-
3.10 (CHSOsPh, m, 1H). The reversed reglolsomer, 2-t-buty1-4-benzene- 
sulfonyllsoxazolldlne (34), was obtained in 67^ purity by fractional 
crystallisation of 33. The C-4 and C-5 ring protona (-OCH^CHSO^h) 
appeared es a broad multlplet at 6 3.80-4.40 and the C-3 methylene pro­
tons appeared as a multlplet at 6 3.00-3.40.
Cyanoacetylene and C-phenyl-N-methylnltrone reacted reglo- 
selectlvely at 30° In benzene to give 2-methyl-3-phenyl-4-cyano-A4- 
Isoxesollne (33a). The structure of 33a Is conveniently assigned by a 





a R * Cafll 
b R - COaCaHs
5k
obtained as a 58:42 mixture of cycloadducts In a similar reaction re­
ported by Hulsgen.31 The absorption of the oleflnlc proton of 55b 
Is under the absorption of the aromatic protons of the phenyl group and 
the oleflnlc proton of 56 Is a doublet (J *3.0 Hz) at 6 3.78. The 
C-3 protons of 33b and 36 are at 6 4.82 s and 6 4.78 d, respectively. 
The chemical shifts of the ring protons of 33a are almost Identical to 
those of 33b. The oleflnlc proton of 33a Is at 6 7.10 d and the 
C-3 proton Is a doublet (j ■ 2.0 Hz) at 6 4.78. The structure assign­
ment of 33a, then, Is unambiguous.
Nitroethylene and C-phenyl-N-methylnltrone reacted regioselect-
lvely at 60° In chloroform to give a mixture of the els- and trana-4- 
substituted Isomer, 2-methyl-3-phenyl-4-nltrolsoxazolldlne (37)* The 
major Isomer (74$In solution was els-37 [Nmr spectrum (C0C13): 6 3.87
CH3
(CHPh, d, J - 8.0 Hz, 1H); ABX octet- 6 l<.34(OCHCNOg-trans. dd, J - H.O,
SSL
10.3 Hz, 1H), 6 4.62 (OCHCNOg-cls. dd, J * 3.3, 10.3 Hz, 1H); 6 c)J\b
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(CMOgi ddd, J ■ 5*5* 8.0, 8.0 Hz, 1H)] while silica gel or added base 
caused total Isomerization to the more stable trana-57 [Nmr spectrum 
(CC14): 6 3.95 (CHPh, d, J - 6.0 Hz, 1H); ABX octet- 6 4.15 (OCHCNOg-
trans. dd, J - 6.7, 10.5 Hz, 1H), 6 4.44 (OCHCNOg-cla. dd, J - 3.0 , 
10.5 Hz, 1H); 6 4.95 (CHNOj,, ddd, J - 3.0 , 6.0, 6.7 Hz, 1H) 1.
at 80° In CHCI3 to give a 32:68 mixture of the normal adduct (58) and 
the reversed adduct (59)* The normal Isomer, 58, was Isolated as a 
cls.trans mixture [Nmr spectrum (CDC13): 6 5.02 (OCHSO^Ph, dd, J -
3.0, 8.3 Hz, 1H)] which did not undergo deuterium exchange In 
NaOEt/EtOD after nine days. Only trans-59 was Isolated from the reac­
tion mixture. Presusud>ly, silica gel of a pic plate caused Isomeriza­
tion of any els-59 formed In the reaction to the more stable trans 
Isomer. Deuterium exchange of the C-4 proton of 59 without epimerlza- 
tlon was easily effected In KOH/D^O/THP. The nmr spectrum of the un- 
deuterated material has a complex multlplet at 3.60-4.70 ppm for the 
four ring protons and the nmr spectrum of the deuterated compound has 
an AB quartet [®A 4.25, 4.47* " 9.5 Hz] for the C-4 protons and
a singlet for the benzyllc proton at 6 3.87. Nmr spectra of compounds 
59 and C-4 deuterated 59 are given In Appendix A.
Phenyl vinyl sulfone reacted with C-phenyl-N-methylnltrone
& SSL
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3. Rearrangements of A4-Isoxazollnes
The literature contains few references to the Instability of 
A4-isoxazollnes.46 In some cases, the Isolation of rearrangesient prod­
ucts have been reported.47 Baldwin at al.,46 proposed a mechanism for 
the thermal rearrangement of A4*Isoxazollnes to A4-oxasollnes (Figure 
21) and reported the data given below to support their proposal. The 
probable Intermediacy of an aslrldlne was shown by the rapid rearrange­
ment of 60 to the lsolable acylazlrldlne, 61. Further heating produced
HV V R3
E \ / M \
* A = )  R" \ - /C-Ri
Acylazlrldlne
S S, H—7̂---^R4 *5 /  *4 R5
* 3  r 4
A4-lsoxazollne Acylazlrldlne o4-0xazoline
I II III
Figure 21. Baldwin's Mechanism for the 
Rearrangement of A4-Isoxazollnes
the A^oxazollne, 62. The rearrangement of 63 to 63 at 80° was monitored
110° -> IIIr , fl* - 2,4,6-trlmethylphenyin 25° TT L J L*a - H, R4 - Rs - COaCHg J  ^  11
60 61 62
by nmr spectroscopy. Compounds 60 and 63 were obtained from the rapid 
reactions of R-(2,U,6-trlmethylphenyl)nltrone and M-t-butyInitrone with 
dimethyl acetylenedlcarboxylate at 23° and 0°, respectively.
r»* - t-butyl, R3 - h| _80l ^  rn ]  JQP_
|_R4 -  R5 s COaCHg J  L“ J 111
&  &L
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The reaction of N^t-butylnitrona end ^-nethylbutyn-^-ol et 7^° (10 mln) 
produced the labile lsoxazollne 66 which slowly rearranged at 78° to the 
acylazlrldlne, 67. The reaction was monitored by nmr spectroscopy.
! |r2 - t-butyl, R3 - R4 - h] 78°, 2 hrs. ^ nI R5 m (CHaĴ COH I
&  &
Product formation and reaction rates for the reactions de­
scribed above were not Influenced by oxygen, radical Inhibitors, or
small amounts of acids or bases.40
The reglolsomaric A4*Isoxazollnes, 68 and 69, synthesized in 
these studies were observed to have marked differences In stability.
The k-substituted Isomers, 69 underwent rearrangement In CC14 solutions
“ 1“  1" nHv yN v  H
H Si
*3
•) R5 " COjCgHg •)
b) *5 " cm
b)
c) Rs - Ph
& c)
R2 - t-butyl, R3 - H, ^
R4 - oo2c2h5
R2 ■ ̂ t-butyl, R3 - H,
R4 - C*l
R2 - CHg, R3 ■ Ph,
R4 - C m
&
above 80° while the corresponding ^-substituted Isomers, 68, were stable 
under Identical conditions. Reactions were carried out In sealed nmr 
tubes and were followed by nmr spectroscopy. The nmr spectra of all
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rearrangement mixtures Included a small but constant Intensity absorption 
at 6 9.0-10.0 strongly Indicating that rearrangaments were occurring to 
the A4-oxasollne via foruylazlrldlnes (70). Rearrangement products were 
not Isolated.
Other lsoxazollne rearrengeswnts were also observed In these 
studies. Only the acylazlrldlne, 72, presumably formed from 71, was 
isolatad In the reaction of M-t^butylnltrone and 5-phenyl-l-pentyne at 
85° In CC14. The reaction of C,N-dlphenylnltrone and cyanoacetylene at 
35° was monitored by nmr spectroscopy. As the reactants disappeared,
several new peaks appeared In the nmr spectrum of the reaction mixture 
the most notable of which was a constant, low Intensity singlet at 8 
9.96 and a doublet (or two singlets) at 8 9*23. Tic of the reaction 
mixture showed several spots. Products were not isolated. Since only
the U-cyano- A4-isoxazollnes from other reectlons were shown to be un­
stable, £ Jl-dlphenylnltrone and cyanoacetylene apparently react to form 
2,3-dlphenyl-lt~cyanolaoxazollne (73) which subsequently rearranges to 
azlrldlnas end A4-oxazollnes.
Baldwin40 has attributed the difference In the propensity for 
rearrangement of Isoxazollnes 60, 63, and 66 to differences In the ease 
of N-0 bond cleavage. This explanation satisfactorily rationalizes the 
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an Intennadiate (or concerted transition Involving simultaneous C-N 
bond formation) of the type 74 would be substantially stabilized by a 
substituent at C-4, but only slightly by substitution at C-5. Electron 
withdrawing or conjugating substituents on C-4 and/or electron releasing 
or conjugating substituents on nitrogen will be particularly effective 
if some polarization of the transition state occurs as in 74.
arrangements if the C-5 substituent is an electron-releasing group as 
in 71. Further studies are necessary before these rearrangements can 
be fully understood. Particularly, a knowledge of the propensity of 
A4-isoxazollnes with only electron releasing substituents on C-4 and 
C-5 and with a combination of electron-withdrawing and electron-releasing 
substituents on C-4 and C-5 to undergo rearrangements would be helpful in 
fully understanding the observations reported here.
H
lit
Apparently, 5-substltuted A4-lsoxazolines readily undergo re-
PART C Reactions of Nltrones with Fulvenea
No reactions of nltrones and fulvenes have been reported In 
the lltereture. The thermally allowed 1:1 cycloedducts of 1,3-dlpoles 
and fulvenes are shown In Figure 1 (Section I A). Four [J)f2] adducts 
(two pairs of reglolsoawrs) and two regiolsomerlc [6fbl adducts are 
possible. "Perlselectlvlty" refers to selectivity In formation of one 
of these thermally allowed products. Simple fulvenes are Ideal com­
pounds for perlselectlvlty studies, since they are reactive (highly 
perturbed) trlenes having only slightly differing sterlc requirements 
for different modes of reaction. The reactions of nltrones and ful­
venes carried out In these studies were perlselectlve and In accord 
with predictions of frontier orbital theory.
The frontier orbital energies of fulvene, two 6,6-dlsub- 
stltuted fulvenes, and N-t-butylnltrone are shown In Figure 22. The 
changes In the frontier orbital energies of fulvene associated with 
C-6 mono and dlsubstltutlons were discussed In Section II A. The HO 
orbital energies of the nitrone and fulvenes were determined experi­
mentally and the LU orbital energies were estimated from absorption 
spectra or calculations10*41 (Section II A). The Interactions between 
the frontier orbitals of g-jfc-butylnltrone and the fulvenes shown In 
Figure 22 are slmller to the frontier orbltel Interactions of N-_t- 
butylnltrone and conjugated dlpolarophlles end both kinds of reactions 
are LU, HO controlled. Arguments about reactivity for reactions of 






Figure 22. Frontier Orbital Energies of Fulvenes 
and N-Jt - Buty Ini t rone
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The frontier orbital Interactions of nltrones end fulvenes 
are shown In Figure 23. Orbital energies and relative magnitudes of 
frontier orbital coefficients of nltrones and fulvenes were discussed 
In Section II A. For concerted cycloaddltions of nltrones to fulvenes, 
the favored raglolsomer and perllsomar will be that In which the largest 
coefficients In each of the Interacting frontier orbitals are united, 
_i.e., regloselectlvlty and perlselectlvlty are controlled by the same 
Interactions. The product(s) formed In these reactions depend upon 
the relative dispositions of the frontier orbitals of the nitrone and 
fulvene and upon the relative positions of the as and bx HO and MHO 
orbitals (Figure 23 ). An analysis of the results obtained in these 
studies will Illustrate the application of these ideas.
N-t-butylnitrone reacted with dimethylfulvene at 70° In CC14 
to give a 5hit yield of the 1:1 adduct, 75. The structure of this 
product Is consistent with mass spectral date (M+ ■ 207) and the nmr 
date given. Two minor fractions were also Isolated. Although struc­
ture assignments were not made for these products, mass spectral data 
M+ ■ 508) and nmr data (no oleflnlc protons) indicated that they were 
2:1 adducts. The methyl proton resonances of each of the three frac­
tions were at 6 1.6-1.8 Indicating that no addition had occurred across 
the exocycllc double bond of the fulvene.
The formation of 75 can be rationalised by frontier orbital 
concepts. Both pairs of frontier orbital Interactions of N-t_-butyl- 
nltrone and dlmethylfulvene are similar (Figure 22). However, the co­
efficients of the HO orbital of N-t-butylnitrone are approximately equal 
(Section II A) and product formation is controlled by the nitrone LU - 
fulvene HO Interactions. Union of the larger coefficients for this
Ill
CH
( 8  1 . 2 0 s )
6a 2.39 dd, J - 7.9, 5.1 Hz
6b 2.98 dd, J - 7.9, 7.9 Hz
*c 3.38 ddd, J - 5.1, 7.9, 6.7 Hz
6d 4.92 dd, J - 6.7, 2.6 Hz
«E 5.77 dd, J - 5.6, 2.6 Hz
6y 6.38 d, J - 5.6 Hz
(The nmr spectrum of 75 is In­
cluded In Appendix A.)
InternetIon gives only the thermally allowed product 75 (Figure 23).
The HHO orbital of dlmathylfulvene Is sufficiently low in energy (0.7 
eV lower than HO) that It does not Influence product formation. Forma­
tion of the [6+4] adduct through Interaction of the nitrone HO - fulvene 
LU Is less favorable than the formation of 75 In part because of sterlc 
hindrance at the C-6 position of the fulvene, but also because both 
pairs of frontier orbital Interactions stabilize the transition state 
leading to 75, while only the nitrone HO - fulvene LU interaction sta­
bilises the [6+4] transition state.
fi-£-Butylnltrone reacted with diphenylfulvene at 70° In CC14 
to glva the 1:1 adducts 76 (67$) and 77 (l4£). The structures of these 
products are consistent with mass spectral data (M+ - 33I) and the nmr 
data given. A third fraction consisting of several components was also 
Isolated from the reaction mixture. Although structure assignments were 
not suule for these products, nmr data of the mixture (no oleflnlc pro­




6a 2.1*0 dd, J - 9.0, 5*6 Hz
6_ S.60 dd, J - 9.0, 7.6 HzD
6C 3.7 ddd, J - 7.1, 5.6, 7.6 Hz 
«D 4.97 dd, J - 2.6, 7.1 Hz
6b 5.97 dd, J - 5.6, 2.6 Hz
6p 6.48 d, J ■ 5.6 Hz
(8 0.98*)
(The nmr spectre of compounds 76 end 77 are Included In Appendix A.)
(81.10*)
Ph
(8 7 .1 8 )
XL
6a 2.52 dd, J - 8.0, 4.5 Hz
6b 2.98 dd, J - 8.0, 8.0 Hz
6C 3*62 m, J - 8.0, 4.5, 2.1, 6.0 Hz
6D 4.58 d, J ■ 6.0 Hz
6g 5*82 d, J - 2.1, 5.6 Hz
6y 6.22 m, J - 5.6 Hz
The formation of J6 and 77 Is also consistent with frontier 
orbital concepts. Both pairs of frontier orbital Interactions of N-_t- 
butylnltrone and diphenyl fulvene are similar (Figure 22). The fulvene 
"HO" and "MHO" energies are approximately the same. The coefficients 
of the HO orbital of N-t-butylnltrone are approximately equal (Section 
II A) and product formation Is controlled by the nitrone LU - fulvene 
■) and MHO interactions. Union of the larger coefficients of the nitrone 
LU and the fulvene HO gives the thermally allowed product 76 (Figure 23).
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Union of the larger coefficient of the nitrone LU and the larger ring 
coefficient (C-5 or C-4) of the fulvene NHO gives the thermally allowed 
product 77* Formation of the [6+4] adduct through Interaction of the 
nitrone LU - fulvene NHO or through Interaction of the nitrone HO - 
fulvene LU Is apparently unfavorable because of sterlc hindrance at 
the C-6 position of the fulvene.
Reaction of N-Jt-butylnitrone with 6-methyl-6-phenylfulvene 
(78) and the reactions of C-ptieny 1 -N-me thylnltrone with dimethyl- and 
dlphenylfulvene were also carried out In these studies. The structures 
of Isolated products were not assigned. However, nmr data for the 1:1
jr
adducts Indicate that only the thermally allowed [4+2] cycloadducts 
are formed In agreement with frontier orbital theory.
PART D Summary and Conclusions
A recent application of perturbation theory to 1,3-dlpolar 
cycloaddltlon reactivity, regloselectlvlty, and perlselectlvlty has 
provided a rationalization of these phenosiena.10 Results of the work 
reported here confirm these Ideas for the reactions of nltrones with 
alkenes, alkynes, and fulvanes. Hltrone reactivities in eyeloadditions 
were shown to be related to the relative disposition of the Interacting 
frontier orbitals, and regloselectlvlty and perlselectlvlty were shown 
to be related to the coefficients of the interacting frontier orbitals.
Most monosubstltuted alkenes and alkynes react with nltrones 
to give only the ^-substituted Isoxazolldlnes and lsoxazolines. The 
dominant frontier orbital Interaction of nltrones and electron-rich 
alkenes and alkynes Is dipole LU - dipolarophlle HO and reglochemlstry 
Is controlled by the terminal coefficients of the dipole LU and dipolaro­
phlle HO orbitals. Only the ^-substituted Isomers are formed. Both 
pairs of frontier orbital Interactions are Important In reactions with 
conjugated dlpolarophlles; however, since the terminal coefficients are 
similar for the HO orbital of nltrones, reglochemlstry Is controlled by 
the dipole LU orbital. The dominant frontier orbital Interaction with 
electron-deficient dlpolarophlles Is dipole HO - dipolarophlle LU; 
again, as with conjugated dlpolarophlles, reglochemlstry Is controlled 
by the nltrone LU orbital. For very electron-deficient monosubstltuted 
alkenes of I.P. * 11.2 eV, the dipole HO - dipolarophlle LU frontier 
orbital interaction Is sufficiently great that partial or total reversal 
of regloselectlvlty (formation of k-substituted isomer) with nltrones is
1 U
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observed. Reactions of the sterlcally unencumbered N-t-butylnitrone 
demonstrate that regloselectlvlty Is controlled by electronic and not 
sterlc factors.
The perlselectlvlty of N-t^butylnltrone reactions with 6,6- 
dlphenyl- and 6,6-dimethylfulvene was also shown to be In accord with 
frontier orbital concepts. Two of the thermally allowed cycloadducts 
([4+2]) were observed with dlphenylfulvene and only one thermally 
allowed cycloadduct ([4+2]) was observed with dlmethylfulvene. The 
formation of all three products was controlled by the nltrone LU - 
fulvene HO or MHO orbital Interactions.
In general, the successful application of perturbation 
theory for rationalizing and predicting regloselectlvlty and peri- 
selectlvlty of nltrone cycloadditlons has been demonstrated. Frontier 
orbital theory could be applied more quantitatively if more accurate 
data for frontier orbital energies, especially LU energies, and fron­
tier orbital coefficients were available.
III. EXPERIMENTAL
PART A General Information
Preparation of starting materials and syntheses of new com­
pounds described here utilised solvents and reagents of commercial re­
agent grade.
Microanalyses were performed by Ralph Seab, Louisiana State 
University, Baton Rouge.
Melting points were determined on a Thomas-Hoover Capillary 
Melting Point Apparatus and are uncorrected.
Mass spectra (ms) were determined by Paula B. Watts and 
Paul J. Moses on a Hitachi Perkln-Elmer Model RMS-4 Mass Spectrometer 
using an Ionization energy of TO eV. In general, only parent peaks 
(M+ ) and m/e ratios for peaks with Intensities greater than 15$ of the 
base peak are given.
Infrared spectra (lr) were recorded on a Perkln-Elmer Infra­
cord Model 137* The 3*30 and 6.2k u bands of polystyrene were used as 
calibration standards.
Nuclear magnetic resonance spectra (nmr) were recorded on a 
Perkln-Elmer Model R12B (60 MHz) Spectrometer. Double resonance studies 
were also carried out on this Instrument. Chemical shifts are reported 
In ppm (6) and the usual notations are used to describe the spectra,
i.e., ■ ■ singlet, d ■ doublet, m ■ multlplet, b ■ broad, etc.




Diazomethane used in the synthesis of N-t-butylnitrone was 
prepared from Diazald utilizing an Aldrich Chemical Company Diazald 
Kit for the generation of dlazamethane.
Specific information related to the data in Parts C and D is 
given at the beginning of these Sections.
PART B Starting Materials
1. Synthesis of Nltrones
Nltrone syntheses were recently reviewed.18
a. Synthesis of N-Methylene-t-Butylamlne N-Oxlde (N-1-ButyInitrone)
An overall scheme for the synthesis of N-£.-butylnltrone from 
't-butylamlne Is outlined In Section I B. The procedure outlined here 
gives optimum yields of the nltrone In carbon tetrachloride solution.
Ten milliliters of chloroform were added to 7.27 g (0.08 mol) 
of £-nltrosobutane dimer In a 500 ml flask. The royal blue color of 
the nitroso-monomer rapidly appeared. Dlasomethane (6.75 8» 0.16 mol) 
generated from Diazald48 and codlstllled with diethyl ether (~ I+50 ml) 
was condensed directly Into the t^nltrosobutane solution cooled In an 
Ice bath. The mixture was allowed to warm up to room temperature and 
stand for eight hours with continuous stirring. Excess diazomethane was 
removed by blowing a stream of dry nitrogen over the swirling surface of 
the ethereal solution. The product was concentrated at reduced pressure 
to ~  100 ml, and 200 ml of CC14 were added. Again, solvent was removed 
at reduced pressure to afford a 27 g carbon tetrachloride solution of 
N-t^butylnltrone (2.1 nmol/g sol'n, 68£ yield). The nltrone, reported 
as a colorless oll,38C*̂  was used In solution and not Isolated In pure 
form. Concentrations were determined by nmr spectroscopy using benzene 
as a standard.
Nmr spectrum (CC14): 6 1.47 PP®> •» 9H; AB pattern, 6̂  6.46,
6g 6.34, JAB ■ 7.5 Hz. On fourfold dilution to 0.30 mmol/g sol'n, the 
AB pattern collapsed Into a singlet. Nmr spectrum (DnC0D): 6 1.49, *>
9H; AB pattern, 6A 6.77, «B 6.61, JAB - 6.4 Hz.
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Preparation of 2-Methyl-2-Nitro80propane (t-Nitrosobutane).
Approach 1. Hypobromlta Oxidation of t-Butylhydroxylamlne.
Thia procedure la very alaiilar to that of Emmons.21a An 8.9 g (0.10 mol) 
quantity of tj*butylhydroxylamlne In 75 ml of water was added dropwise 
over a ten-minute period with efficient stirring to an ice cooled solu­
tion of 19.2 g (0.12 mol) of bromine and 12.0 g (0.30 mol) of sodium 
hydroxide In 75 ml of water. A blue color immediately developed. The 
mixture was stirred for 3 hr. at o°, and the colorless crystalline dimer 
was collected on a filter and dried at room temperature and 0.5 ton 
pressure (7.3 g» yield). The compound melted (sealed tube) at 
75-76° ( l i t 83-84°; lit.4® 76°). The nmr spectrum In CC14 has sing­
lets at 6 1.2k ppm and 6 I.56 ppm with Integrated intensities of 16:7.
On fourfold dilution the Integrated Intensities were 16:3. Consequently, 
the high and low field singlets are assigned to the monomer and dimer, 
respectively.
Approach 2. m-Chloroperbenzolc Acid Oxidation of 
t-Butylhydroxylamlne. Holman and Perkins50 recently reported this In­
genious "no solvent" synthesis which provides a convenient route to jt- 
nltrosobutane uncontaminated with t^butylhydroxylamlne. N-t-ButyInitrone 
prepared from this amine-free t>-nltrosobutane Is especially desirable 
for reactions with alkenes that are susceptible to base Initiated poly­
merisations .
A mixture of 1*5 g (0.22 mol) of commercial m-chloroperbenzolc 
acid (85$) and 456 g of sodium chloride was packed In a glass tube 
(2.3 cm ID X Jk cm) fitted with fritted glass plugs on both ends and 
wrapped with a cooling Jacket. Cooling fluid at -3° was circulated 
through the Jacket to maintain the inside temperature between 0-5°.
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Dry nitrogen was slowly bubbled through £-butylamlne (18.0 g, 0.25 mol) 
which was cooled In an Ice bath. The nltrogen-jt-butylamlne gas stream 
was forced through the reaction tube, and the effluent gases were di­
rected through two collecting tubes In series cooled to -80°. Nitrogen 
from the second collecting tube exit was bubbled through a column of 
oil to monitor the gas stream flow rate. A blue product Immediately 
appeared In the first collecting tube. After 8 hrs the nitrogen flow 
was stopped and the collecting tubes were stored at -80°. After two 
days, some blue color persisted. Cold water was added to the product 
and the collecting tubes ware stored In an Ice bath for 3 hrs. The 
crystalline dimer was collected on a filter and dried at reduced pres­
sure (0.5 mm) for 20 minutes. Yield, 2.39 g, 22$ (lit.so 0.31 g, 49$).
Preparation of .L-Butylhydroxylamlne
To a vigorously stirred mixture of 99.5 g (O.97 mol) of t> 
nltrobutane and 120 g (2.22 mol) of NH4C1 In 65O g of water was slowly 
added I30 g (2.00 mol) of zinc dust over a 45-minute period. A water 
bath was used to maintain the temperature of the rapid and exothermic 
reaction between 45° and 55°. The reaction mixture was filtered and 
the residue was washed several times with water. The aqueous filtrate 
(~ 1000 ml) was subjected to continuous extraction with diethyl ether 
for seven days.51 Removal of the ether at reduced pressure afforded 
75.5 g (75$ yield) of t-butylhydroxylamlne, mp - 56-62° (lit.51 64- 
65°). Nmr spectrum (CDCI3): 6 1.11 ppm, s, 9H; 6 6.22, bs, 2H.
Preparation of i-Nltrobutane
The procedure of Kornblum et al.,52 was followed verbatim 
to synthesize 99*5 g (71$ yield) of t,-nltrobutane by oxidation of t- 
butylamlne (MCB, bp 44-45°) with potassium permanganate.
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b. Synthesis of C-Pheny1-N-MethyInitrone
C-Phenyl-N-methylnltrone Is conveniently prepared by the con­
densation of methylhydroxylamlne and benzaldehyde.53 Isolation of 
methylhydroxylamine from a Beckmann reduction of nltromethane54 is 
exceedingly difficult. A procedure was developed for the synthesis of 
C-phenyl-N-methylnltrone from nltromethane and benzaldehyde in which 
methylhydroxylamlne is not Isolated.
To 100 g (1.64 mol) nltromethane, 60 g (1.12 mol) of NH4C1, 
and 800 g of water, 275 8 (4.20 mol) of zinc dust was added in small 
quantities over a two-hour period. The product was filtered and the 
residue was washed several times with water. The filtrate (~ 800 ml) 
was adjusted from pH 9 to pH 2 with conc. HC1. The acidic solution was 
concentrated at reduced pressure and 50° to a final volume of ~  50 ml.
The pH of the hydroxylamlne hydrochloride solution was made slightly 
basic with conc. NH40H and the resulting solution was added slowly at 
room temperature to 26.0 g (O.25 mol) of benzaldehyde suspended In 
140 ml of a 2N NaOH solution. The product was extracted with chloroform 
and the solvent was removed at reduced pressure. On cooling, 28.2 g 
(85$ yield) of £-phenyl-N-methylnltrone crystallized from the residue. 
Recrystallization from benzene-petroleum ether (3O-6O0) gave almost 
colorless crystals, mp 74-78°, (lit.53 82°). Sublimation of the product 
at 70° and 0.5 mm increased the melting point to 81-83°. The nmr spec­
trum of £-phenyl-N-methylnltrone has been described In the literature.55 
Anal. Calcd. for CaHeN0: C, 71.08; H, 6.72; N, 10.36. Found: C, 71.0};
H, 6.70; N, IO.38.
c. Synthesis of C,N-Dlphenylnltrone
C,N-Diphenylnltrone was prepared by the condensation of 
phenylhydroxylamine and bensaldehyde as described by Wheeler and
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2. Synthesis of Alkenes and Alkynes
Commercially available alkenes and alkynes were used In these 
studies without further purification.
a. Preparation of Nltroethylene
The procedure of Buckley and Scalfe57 for the dehydration of
2-nltroethanol with phthallc anhydride was followed verbatim. Five 
grams of 2-nitroethanol (Aldrich, bp 60° at 0.5 mm) was converted in 
3 6 yield to nltroethylene, bp 1*0° at 80 mm.
b. Preparation of 1-N-Pyrrolidino-l-Cyclopentene
Herr and Heyl58 have described a general scheme for the pre­
paration of enamines. The following procedure Is an adaptation of their 
method.
A mixture of 100 ml of benzene, 21.3 8 (0.30 mol) of pyrroli­
dine, 16.8 g (0.20 mol) of cyclopentanone, and 1*1.5 8 (°*3° mol) of
anhydrous K^C03 was refluxed under nitrogen with stirring for 6 hrs.
The solid was removed by filtration and the solvent and excess amine 
were removed by flash evaporation. Distillation of the residue at 
3.2 mm gave I9.2 g (70$ yield) of crude 1-N-pyrrolldlno-l-cyclopentene, 
bp 75-80°. A second distillation gave a colorless oil as the major 
fraction, bp 69-70° at 2.5 mm. The enamlne Is exceedingly air sensi­
tive and develops a yellow color on brief contact with air.
c. Preparation of Phenyl Vinyl Sulfone
Phenyl vinyl sulfone was prepared by the oxidation of phenyl 
vinyl sulfide with hydrogen peroxide In acetic acid In 1»8$ yield by the 
method of Parham et al. 59 The sulfone Is a white powder, mp 65-67° 
(lit. 66.5-68°).
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Preparation of Phenyl Vinyl Sulfide from 8-Chloroethyl Phenyl
Sulfide.
Parham et al.,59 reported, without experimental details, an 
84$ yield for this reaction using KOH In ethanol. Methyl vinyl sulfone 
has been synthesized In 50$ yield In a similar dehydrohalogenatlon with 
sodium metal In n-amyl alcohol.90 Potassium t-butoxlde In DMSO was 
found to be a more efficient medium for this reaction.
A 37*2 g (0.22 mol) quantity of /9-chloroethyl phenyl sulfide 
was added dropwlse to a stirred solution of 25.0 g (0.22 mol) of potas­
sium t_-but oxide In 200 ml of DMSO at room temperature over a period of 
20 minutes. The reaction was very exothermic. After stirring for 
another 23 minutes, the reaction mixture was poured Into 600 ml of ice 
water and stirred briefly. The oily product was extracted from the 
aqueous phase with pentane and the combined pentane extracts (~ 800 ml) 
were subsequently extracted with water to remove any residual EMSO.
The pentane solution was dried over anhydrous Na2S04 and the solvent 
was removed at reduced pressure. Distillation of the crude product at 
2.9 mm pressure and 61° gave 26.3 g (0.19 mol, 88$ yield) of phenyl 
vinyl sulfide.
Preparation of fl-Chloroethyl Phenyl Sulfide
/9-Chloroethyl phenyl sulfide (bp 61*.3-70° at O .33 mm) was 
prepared in 84$ yield from 0-hydroxyethyl phenyl sulfide by the proce­
dure of Bennett and Berry. 61a /3-Hydroxyethyl phenyl sulfide was pre­
pared in quantitative yields from the reaction of thlophenol and 2- 
chloroethanol.
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d. Preparation of 1-N-Morpholino-1-cyc Lohexene
1-N-Morpholino-l-cyclohexene (bp 70-72° at 0.60 ran) was prepared 
In 60$ yield by the method of Domschke. 62
e. Preparation of Vinylldene Cyanide
Vlnylldene cyanide was prepared by the pyrolysis of 1,1,3 »3" 
tetracyanopropane as described by Ardls et al.®3 1,1,3,3-Tetracyano-
propane (mp I38-IUI0; lit.64 I36-I370) was synthesized in 6l£ yield 
from malononltrlle and aqueous formaldehyde as described in the litera­
ture .64
f. Preparation of Deuterocyanoacetylene
#A 150 mg quantity of cyanoacetylene was shaken with 1.0 g of 
D^O for 5 minutes. The product was recovered by flash distillation at 
room temperature and reduced pressure and collected in a receiving tube 
cooled to -80°. A second similar distillation was performed to remove 
DsO. The product was 7^$ deuterated as determined by a comparison of 
the nmr spectra of standard solutions of cyanoacetylene and deutero­
cyanoacetylene .
*Purchased from Terra-Marine Bioresearch, P. 0. Box 2208, La Jolla, 
California 92037.
3 . Synthesis of Fulvenes
The syntheses of fulvenes were reviewed In I968.11 6,6-
Dlphenylfulvene,®sa 6,6-dimethylfulvene,05^ end 6-methyl-6-phenyl- 
fulvene65* were synthesized by the base-catalyzed condensations of 
cyclopentadlene with the appropriate ketone.
a. Preparation of 6 ,6-Dlphenylfulvene
Twenty-two grams (0.34 mol) of freshly distilled cyclopenta­
dlene were added slowly to a solution of sodium ethoxlde (prepared from 
8.0 g of sodium metal and 240 ml of absolute ethanol) containing 57.6 g 
(0.32 mol) of benzophenone. After addition was completed, the red solu­
tion was heated on a steam bath for 10 minutes. On cooling slowly to 
0°, orange-red crystals separated. The product was filtered off and 
recrystallized from absolute ethanol. Yield: 1*7$, mp 81-82° (lit.Q5a
82-82.5°) .
b. Preparation of 6,6-dlmethylfulvene
Five moles of acetone and five moles of freshly distilled 
cyclopentadlene were placed In a round-bottom flask fitted with a re­
flux condenser and cooled with Ice. One hundred milliliters of a 20$ 
solution of potassium hydroxide In ethanol was added with an addition 
funnel. When the vigorous reaction was cooipleted, the flask was stop­
pered and stored at 0° for 10 hrs. The water layer was separated and 
the low boiling materials was removed at reduced pressure. The major 
fraction of dlmethylfulvene was collected at 48-51° and 10 mm pressure. 
Yield, 41$.
c. Preparation of 6-Methyl-6-Phenylfulvene
6-Methyl-6-phenylfulvene was prepared by the base-catalyzed 
condensation of cyclopentadlene and acetophenone In 57$ yield using 
the same procedure used for dlmethylfulvens.
PAST C Cycloaddltlons with Alkenes and Alkynes
Preparative scale cycloaddltlons were carried out In sealed 
test tubes under nitrogen In 5 of solvent. Optimum reaction 
temperatures and times were determined from small scale reactions car­
ried out in sealed nmr tubes under nitrogen and monitored by nmr spec­
troscopy.
Preparative (pic) and thin layer (tic) chromatography were 
performed on glass plates and aluminum sheets, respectively, coated 
with EM Reagents Silica Gel F-254. The eluent consisted of X$ ethyl 
acetate in cyclohexane, v/v. Selected fractions were scraped from the 
pic plates and eluted with ethyl acetate. The desired fractlon(s) were 
identified by nmr spectroscopy and, for most reactions, subsequently 
purified further by preparative layer chromatography. Separation data 
for each pic purification Is reported as (x $ , Y elutions).
Many compounds Isolated by preparative layer chromatography 
had no uv adsorptions above 200 nm and could not be seen on a pic plate 
with an ultraviolet light. These sample fractions were Identified by 
exposing a two-to-three centimeter strip of the pic plate In an Iodine 
developing tank for twenty-to-thirty minutes. Since the exposed por­
tion of the plate had to be discarded, yields for these reactions were 
necessarily reduced by flve-to-fifteen percent.
Reactivities and relative reactivity orders for reactions of 
dlpolarophlles with nltrones were sought. Blmolecular rate constants 
were determined by monitoring small scale reactions with nmr spectros­
copy. All reactions employed equal concentrations of reactants 
('v 0.75 smol) In approximately one milliliter of solvent sealed in nmr 
tubes under nitrogen. For studies above room temperature, the reaction
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mixture was heated In an oil bath (+ 0.3° C), periodically removed and 
rinsed with acetone to quench the reaction and clean the nmr tube, and 
the nmr spectrum was recorded. The concentrations of reactants were 
assumed to be directly proportional to the peak height of the methylene 
proton singlet of N-t>butylnltrone (6.0-7.0 ppm) or the methyl proton 
singlet of C-phenyl-N-methylnltrone (3.O-5.O ppm). Three or more 
spectra for the first half-life of each reaction were recorded. Data 
were obtained In most cases for only one sample of a given reaction.
Reaction solvents, temperatures, calculated enthalpies, and 
extrapolated rate constants for N-t-butylnltrone and C-phenyl-N-methy1- 
nltrone cycloaddltlons are reported and discussed In Section II B.
A complete description of the experimental procedure is 
given for the preparative scale cycloaddltlon of methyl acrylate and 
N-t-butylnitrone. The procedures for the remaining reactions were 
similar and the experimental details and product data are summarized 
In Tables XVIII-XX. Other cycloaddltlons and related reactions are 
described separately. Data summarized In tabular form are cross 
referenced with related data In this unit and with related discussions 
In Section II B.
In general, only four kinds of compounds were synthesized In 
these reactions: k- and ^-substituted Isoxazolldlnes and k- and 5-
substltuted Isoxazollnes. Representative nmr spectra for each of these 
kinds of compounds are included In Appendix A. Detailed descriptions 
of the nmr spectra of all new compounds are given.
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1. Cycloaddltlons
Reaction of Methyl Acrylate and N-£-Butylnitrone
Experimental Details for a Representative Cycloaddltlon Reaction.
A 0.27 g (3.I mmol) quantity of methyl acrylate and 2.3O g 
(3.1 mmol) of N-^-butylnltrone solution (CC14, 1.3 mmol/g sol'n) were 
mixed in a test tube at room temperature and left standing under nitrogen 
for 3 hrs. Tic of the reaction mixture (75$, 1 elution) revealed only 
one spot (iodine development), Rf ■* O.3O. The entire reaction mixture 
was placed on a 20 x kO cm pic plate and eluted once with 100$ ethyl 
acetate. An approximately 2.3 cm strip of one end of the pic plate was 
exposed for 30 minutes In an iodine developing tank. The desired frac- 
tion (excluding the Iodine stained portion) was scraped from the plate
and the product was extracted with ethyl acetate (~ 123 ml)* The solvent
was removed at reduced pressure and the product was purified further by 
short-path distillation.
See Tables XVIIIA-XVIIIC for a summary of additional data for
this reaction and nmr spectrum Mo. h2 of Appendix A.
Notes: 1) Most products separated from the reaction mixture by pre­
parative layer chromatography were placed on another pic plate for ad­
ditional purification followed by short-path distillation.
2) For the very exothermic reaction of cyanoacetylene with 
N-t-butylnltrone, the reactants were mixed at 0° and allowed to slowly 
warm up to room temperature. Reactants were mixed at room temperature 
for all other cycloaddltlons listed in Tables XVIIIA-XXA.
TABLE XVIIIA
REACTIONS OF N-t-BUTYLNITRONE WITH ALKENES: SYNTHESIS OF ISOXAZOLIDINES













Temp. & Pressure4 
or mp
[87] CHs-CHCOsCHg A 78 3.1 3.1 CC14, 25°, 3.0 hrs. (100$, 1) I2 52°, 1.0 an Hg
[87] CHg-CHC^ A 72 3-0 3.0 CCl4, 25°, 1.0 hrs.
( 85, 2) I2 
( 30, 3) l2 55°, 0.8 on
[87] CH2aC(CH3)G02CHg A 58 3.0 3.1 CC14, 25°, 2.0 hrs. ( 50, 1) I2 30°, 1.0 nan
[87] CH2-C(OAc)CsN A 79 3-3 3.1 cci4, 50°,2.0 hrs.
( 60, 1) l2 
( 50, 2) I2 94°, 0.6 nan
[87] CH^-C(CHs)Cm A 72 3.1 3.2 cci4, 50°,1.0 hr.
( 80, 1) l2 











1.0 hr. ( 75, 1) uv
70 Cryst. from Diethyl Ether-Pet.Ether(90 -120°)
mp 9I-930
50
Isolated in 67$ 
purity by Frac­
tional Cryst. of 
A.
TABLE XVIIIA (Continued)
[87] ch3ch-cbcho(trene) to 3-5 3-8
cci4, 80°
2.0 hre. ( 50, 3) 12
A 53 ( 50, 2) I2 <25°, 0.7 n»
B 47 ( 50, 2) I2 34°, 0.7 «■
1—1 CD UJ CHs-CHPh A 73 3.0 3-0 CC14, 70° 2.0 hre.
(100, l) uv 
(100, 1) uv 70°, 0.9 ■«
[81] CHa-CH-S-Ph A 96 3.2 3.1 CC14, 85° 2.0 hre.
( 50, 1) uv 
( 35, 1) uv 96°, 0.7 a*
[81] CHe-CB-O-CH^CHCCHg ) 2 A 61 3.2 3-3
CC14, 80° 
3.0 hre.
( 75, 2) I2 
(75, 2) la 38̂, 0.6 nan
[67] CH3CH-CBCO2CH9(trene) 67 3.0 3.0
CC14, 80° 
4.0 hre. ( 20, 5) Is
A to to°, 0.8 mm
B 60 45°, 1.0 mm
[81] CHa-CH-O-Ac A 1*6 3-5 3.8 cci4, 80°3.0 hre. (100, 1) I2 (100, 1) I2 49°, 0.7 mi
1—I
 OD 1_1 PhCH-CHCO^CHa
(trene) 89 3.6 3.0
CC14, 86° 
6.3 hre.
( 30, 2) uv 
( 25, 2) uv 115°, 0.7 on
(Products could A 
not be leoleted 
on pic) B
31 Mixture not eepe- reted; product
69 retloe determined by nmr.
TABLE XVIIIA (Continued)
[81] CVCH(CH2)2Ph A 87 3.5 3.2 CC14, 80° 12.0 hrs. ( 75, 1) uv IO50, 0.6 mm
1—1 <x> UJ CHjM^CHgJPh A 72 3.8 3.6 CC14, 85° 7.0 hrs. ( 80, 1) uv ( 25, 2) uv 68°, 0.6 nm
[84] CHgCB-CHPh
(trane) A 46 4.0 3.2
cci4, 130°
2.0 hrs.
( 50, 1) UV 
( 90. 1) uv 59°, 0.6 mm
1. Numbers in parentheses refer to related data in Section III, Part C. Numbers in brackets refer to
related discussions in Section II, Part B. For example, [84] refers to page 84.
2. All reactions were carried out in ** 3 ml. of solvent.
3. Separations were carried out on pic plates (EM Reagents Silica Gel-F254). The eluent was X$ ethyl
acetate in cyclohexane, v/v. Each set of data in parentheses for a given reaction refers to separa­
tion on a separate pic plate.
4. The final step in the purification of liquids was short-path distillation. The temperature of the oil 
bath and the distillation pressure are reported.
TABLE XIXA
REACTIONS OF C-PHENYL-N-METHYLNITRGNE WITH ALKENES AND ALKYNES












Temp. & Pressure4 
or mp
[933




2) uv 100°, 0.7 nm
[93]
(157)
CH^-CHSOsPh 86 2.5 2.5 CHCI3, 80° I3.0 hrs. (25, 4) uv
(Cls-trans mixture)>A
(only the trans-lsomer 
Isolated) trans-B
32 (25, 6) uv solid cls-trans mixture










at 65 , 0.8 em
1. Numbers In perentheses refer to related data In Section III, Part C. Numbers In brackets refer to
related discussions In Section II, part B. For example, (158) refers to page I58.
2. All reactions were carried out In ~  3 ml of solvent.
3- Separations were carried out on pic plates (EM Reagents Silica Gel-F254). The eluent was x£ ethyl
acetate In cydohexane, v/v. Each set of data in parentheses for a given reaction refers to separation
on a separate pic plate.
k. The final step In the purification of liquids was short-path distillation. The temperature of the oil 
bath and the distillation pressure are reported.
TABLE XXA
REACTIONS OF N-t-BUTYLNITRONE WITH ALKYNES: SYNTHESIS OF ISOXAZOLINES



























A 50 (90, 3) uv bl°, 0.9 am
B 50 (50, 3) uv 52°, 0.8 m
[93]
[10b]
H-CaC-CO^Et 71 2.6 3.2 cci4, 250,3 hrs. (50, 2) uv
(158)
(160) A 70 (35, 3) uv 5b°, 1.0 mm
11 B 30 (35, 3) uv 64°, 0.9 s-
; tab] 
[lObl ; (is8)
H-CaC-Ph 80 1.9 2.2 CC14, 75°, 3.5 hrs. (25,(25,
2) uv 











2) Ig 120°, 0.5 mm
I. Numbers In parentheses refer to related data In Section III, Part C. Numbers In brackets refer to 
related discussions In Section II, Part B. For example, (I58) refers to page I58.
2. All reactions were carried out In **3 ml. of solvent.
5. Separations were carried out on pic plates (EM Reagents Silica Gel-F2^4). The eluent was X$ ethyl 
acetate In cyclohexane, v/v. Each set of data In parentheses for a given reaction refers to separa­
tion on a separate pic plate.
k. The final step In the purification of liquids was short-path distillation. The temperature of the 
oil bath and the distillation pressure are reported.
TABLE XVIIIB
REACTIONS OF N-t-BUTYLNITRONE WITH ALKENES: ANALYTICAL DATA FOR ISOXAZOLIDINES
A " 5-Substituted Isoxazolldines; B ■ 4-Substituted Isoxazoildlnes
Cross
Ref.1 Product Mess Spectral Data Elemental Analysis
[87] CHsfCHCO^CHs A M+, 187(13); 172(47); 131(31); 128(16); 
101(25); 87(31); 72(76); 70(25); 59(25); 
57(100); 56(31); 55(26); 44(33); 43(21); 
42(35); 41(65).
C9H17NO3
Calcd: C, 57-73; H, 9-17 
Found: C, 57.76; H, 9-33
[87] ch2-chc^ A M+ , 154(13); 139(22); 98(30); 57(100);
56(45); 41(45).
CaHnNaP
Calcd: C, 62.30; H, 9.17 
Found: C, 62.20; H, 9-31
[87] ch2-c(ch9)co2ch3 A M+ , 201(10); 186(38); 145(16); 87(100); 
85(27); 59(19); 57(57); 56(23); 44(27); 
43(79); 42(18); 41(45).
CioH19N03
Calcd: C, 59-67; H, 9-53 
Found: C, 59-66; H, 9.65
[97] CH2-C(QAc )C*N a M+ , 212(1); 155(5); 143(7); 128(8); 
87(22(; 57(100); 43(30). CioHie^sQsCalcd: C, 56.58; H, 7.61 
Found: C, 56.59; H, 7.69
[87] CH2-C(CHa)C^ A M+ , 168(15); 153(39); 112(59); 82(18); 
68(34); 57(100); 56(41); 44(1*0); 41(61).
CdHxefeP
Calcd: C, 64.24; H, 9-60 
Found: C, 64.16; H, 9-40
[93] CHg-CBSO^h A
B
M*. 269(7); 254(10); 128(59); 127(16); 
126(19); 72(100); 77(31); 57(85).
CoaHiaNOaS. Calcd: C, 57*96; 
H, 7.12; N, 5.20. Found: C, 
57.80; H, 7.26; N, 5.12.
Not isolated in pure form. Data not obtained.
TABLE XVIIIB (Continued)
CH3CH-CBCHO
(trene) *** Date not obtained. Dete not obtained
[ 3 1 0 CHg-CHPh A m + , 205(26) ;  190(89); 172(20); H 9(i*9)s 1 3 2 ( 1 7 ) ;  1 3 0 ( 2 6 ) ;  1 18 (1 * 2) ;  1 1 7 ( 1 0 0 ) ;  
115(32); 106(28); 105(100); 101*(100); 1 0 3 ( 2 6 ) ;  9 1 ( 3 0 ) ;  8 4 ( 1 7 ) ;  7 8 ( 3 2 ) ;  7 7 ( 9 6 ) ;  70(1*7); 5 8 ( 2 8 ) ;  5 7 ( 1 0 0 ) ;  56(38) ;  U ( 9 l * ) .
Ci3H19M0
Calcd: C, 7 6 . 0 4 ;  H, 9 * 3 5  
Pound: C, 7 5 - 9 5 ;  H, 9.36
[ 8 1 ] CH2-CH-S-Ph A M * .  2 3 7 ( 1 * 3 ) ;  2 2 2 ( 1 1 * ) ;  1 1* 9( 6 1) ;  136(39); 
135(32); 1 2 8 ( 8 2 ) ;  125(29); 1 1 0 ( 6 8 ) ;  1 0 9 ( 3 9 5 ;  8l*(l*3); 7 7 ( 3 6 ) ;  7 2 ( 6 8 ) ;  66(39); 
57( 1 0 0 ) ;  4 l ( 7 9 ) ;  l«o(64).
c 1 3 h 19 n o s
Calcd: C, 6 5 . 7 7 ;  H, 8 . 0 8  
Found: C, 65.86; H, 8.23
[ 8 1 ] CH2-CH-0-CHsCH(CH3)s
A
M + , 2 0 1 ( 3 4 ) ;  1 8 6 ( 4 6 ) ;  1 4 5 ( 1 4 ) ;  1 3 0 ( 1 6 ) ;  1 2 8 ( 5 5 ) ;  U 3(25); 8 9 ( 6 4 ) ;  8 4 ( 2 2 ) ;  61(25); 5 7 ( 4 1 ) ;  56(25); 4 1 ( 1 0 0 ) .
CiiHooNOp
Calcd: Ct 65.62; H, 11.54 
Pound: C, 65.60; H, 11.36
[ 5 7 ] CB3CHaCBC02CH3 A 
(trene)
B
h \  2 0 1 ( 3 7 ) ;  187(23); 186(98); 1 4 5 ( 8 8 ) ;  1 4 2 ( 4 2 ) ;  1 1 5 ( 3 1 ) ;  1 0 1 ( 9 8 ) ;  86(98); 8 4 ( 6 5 ) ;  7 0 ( 8 8 ) ;  69(100); 58(98); 5 7 ( 9 8 ) ;  5 6 ( 9 8 ) ;  4 2 ( 9 8 ) ;  4 1 ( 9 8 ) .
C10H19NO3
Calcd: C, 59.67; H, 9 - 5 3  
Pound: C, 5 9 . 6 3 ;  H, 9 - 5 7
M + , 2 0 1 ( 4 3 ) ;  1 8 7 ( 2 2 ) ;  1 8 6 ( 1 0 0 ) ;  1 4 5 ( 5 7 ) ;  1 1 4 ( 1 6 ) ;  1 0 1 ( 1 0 0 ) ;  7 0 ( 9 8 ) ;  6 9 ( 9 8 ) ;  5 7 ( 9 8 ) ;  4 1 ( 1 0 0 ) .
C10H19NO3
Calcd: C, 5 9 . 6 7 ;  H, 9 - 5 3  
Found: C, 59.69; H, 9. 6 0
[ 8 1 ] CHg-CH-O-Ac A M + , 1 8 7 ( 3 ) ;  1 1 2 ( 1 6 ) ;  8 4 ( 2 4 ) ;  7 2 ( 2 6 ) ;  
70(60); 6 0 ( 4 0 ) ;  57(100); 56(28); 5 5 ( 1 6 ) ;  4 1 ( 7 7 ) .
C9H17H03
Calcd: C, 5 7 . 7 2 ;  H, 9 - 1 7  
Pound: C, 5 7 . 7 4 ;  H, 9.34
TABLE XVIIIB (Continued)
[873 PhCH-CHCOsCH* A,B 
(trans) (mixture)
h+ , 263(0.5); 162(8); 131(H); 103(8); 
77(6); 57(3*0; 56(66); 55(26); **5(65); 
41(100).
015H21NO3
Calcd: C, 68.2)0; H, 8.O5 
Found: C, 68.2*9; H, 8.10
[81] CH2-CH(CH2) 2-Ph A M+ , 233(H); 218(43); 104(248); 91(1*8); 
57(2*8); 43(100); 41(41).
C i JauHO
Calcd: C, 77.21; H, 9-93 
Found: C, 77.04; H, 9.95
[84] CH2-C(CHs)Ph A M+ , 219(91); 205(21): 204(63); 163(50);
12*6(67); 132(54); 131(70); 119(24); 
118(100); 117(70); 116(17); 115(22); 
103(36); 102(32); 91(63); 77(50); 57(85);
**6(65).
CI4p21N0
Calcd: C, 76.65; H, 9.67 
Found: C, 76.51; H, 9.74
[8L] CH3CH-CHPh A 
(trans)
M+ , 219(19); 204(56); 163(14); 131(36);
118(100); 117(28); 105(16); 91(15); 
77(13); 57(43); 41(30).
O14H21NO
Calcd: C, 76.65; H, 9.67 
Found: C, 75*98; H, 9.57
1. Numbers In parentheses refer to related data In Section III, Part C. Numbers In brackets refer to 
related discussions in Section II, Part B. For example, [84] refers to page 84.
TABLE XIXB
REACTIONS OF C-PHENYL-N-METHYINITRONE WITH ALKENES AND ALKYNES: ANALYTICAL DATA
A ■ 5-Substituted Isoxazolldlnes; B * ^Substituted Isoxazolldlnes; C ■ ^Substituted Isoxezollne
Cross
Ref.1 Product Mass Spectral Data Elemental Analysis
[933
(151)
CHs>"CWOs> trans-B M+ , 208(11); 161(21); 160(3M; 135(63); 
134(88); 132(56); 131(81); 119(44); 
118(75); 107(16); 103(63); 91(36); 
77(100); 51(65).
CioHifiNgOa
Calcd: C, 57.67; H, 5.82 






(only the trans- 
Isomer Isolated.)
H+ , 303(15); 163(13); 162(100); 161(30); 
160(36); 134(79); 132(22); 125(30); 
119(41); 118(31); 91(24); 77(69); 51(31); 
42(21).
Analysis not obtained
H+ , 303(36); 162(12); 161(100); 160(97); 
134(17); 118(27); 91(23); 77(33); 
117(23).
CaeH17N03S. Calcd: C, 63.34; 
H, 5.66; N, 4.62. Found: C, 




H-CaC-C« C M+ , 186(4); 119(24); 118(39); 107(17); 
106(97); 105(94); 91(12); 77(97); 
57(42); 51(100).
Cij.Hj.oN2O
Calcd: C, 70-94; H, 5.42 
Found: C, 70.64; H, 5.59
1. Numbers In perentheses refer to releted data In Section III, Part C. Numbers In brackets refer to 
related discussions In Section II, Part B. For example, (I58) refers to page 158.
TABLE XXB
REACTIONS OF N-t-BUTYLNITRONE WITH ALKYNES: ANALYTICAL DATA FOR ISOXAZOLINES
A ■ ^'Substituted Isoxazollnes; B ■ ^-Substituted Isoxezollnes
Cross






M+ , 152(66); 137(43); 109(17); 96(66); 
95(31); 83(15); 82(17); 70(17); 69(20); 
68(100); 67(25); 58(45); 57(100); 56(28); 
55(40); 54(24); 41(100).
CeHisNaO
Calcd: C, 63.12; H, 7.96 
Found: C, 62.82; H, 7.95
M+ , 152(26); 137(12); 109(28); 96(100); 
95(26); 82(18); 69(37); 68(40); 67(38); 
58(34); 57(34); 56(18); 55(36); 43(26); 
42(53); 41(86); 40(45); 39(21).
c8h 12n^o
Calcd: C, 63.12; H, 7.96 







M+ , 199(10); 184(11); 143(41); 142(37); 
70(23); 58(54); 57(100); 55(15); 54(19); 
42(27); 41(43).
C10H17NO3
Calcd: C, 60.28; H, 8.62 
Found: C, 60.14; H, 8.61
M+ , 199(12); 184(4); 143(34); 142(22); 
115(15); 70(23); 69(25); 57(100); 56(23); 
44(38); 41(60).
C10H17IIO3
Calcd: C, 60.28; H, 8.62 




H-CaC-Fh A M+ , 203(7); 147(24); 146(40); 105(59); 
77(44); 70(26); 58(18); 57(100); 56(26); 
41(79).
Ci3H17N0
Calcd: C, 76.80; H, 8.45 









m+ , 245(6); 250(37)5 15M 35); 1U(35); 
104(51); 98(1*0); 91(56); 85(37); 84(23);
70(30); 57(100); 44(23); 42(30); 41(47).
C10H23NO
Calcd: C, 78.3I; H, 9.47 
Found: C, 78.14; H, 9.30
1. Numbers In parentheses refer to related data In Section III, Part C. Numbers In brackets refer to 
related discussions In Section II, Part B. For example, (I58) refers to page 158.
TABLE XVIIIC
REACTIONS OF N-t-BUTYLNITRONE WITH ALKENES: ANALYTICAL DATA FOR ISOXAZOLIDINES




.MeOH . \ 
X«ax




s ■ strong; 
m * medium; 
w ■ weak; b * broad NMR Spectrum
[87] CH4-CHCO4CH3 A 290(13.9) (film); (OO), 5.74(e); 6.98(a); 
7.35(a); 8.30(b); 
9.25(b).
(CC14): 6 k.30('0CQp0^CHg, dd, J-6.2, 
6.2 Hz, 1H); 3.67(-OC%, s ,  3H); 3.20- 
2.00(-CH2CH2-, m, 4H); 1.08(t-butyl, s, 
9H).
Nmr Spectrum No. 1*2.
1—I OD LJ CHg-CBC^I A N (film): (C3N), 
4.5(w); 7.36(a); 
8.17(a); 9.62(b).
(CC14): 6 1*.80-1*. 1*0(-0CHCN, m, 1H); 
3.30-2.10(-CHaCHg-, m, 4H); 1.10(t-butyl, 
a, 9H).




(CC14); 6 3.64(-OCHb, ®» 3H); 3*00-1.50 
(-CHgCHa-, m. 1*H); 1.38(-C(CBQ)C02CHa, 
8, 3H); 1.04(t-butyl, s, 9H)/





(CClJ 8 3.30-2.30(-CHgCH2-, bm, 1*H); 
2.10(-0C0CH3i s, 3H); l.ll(t-butyl, s, 
9H).
TABLE XVIIIC (Continued)




(CC1J: 6 3.40-1.80(-CH2CH2-, *, 4H); 
1.60(-CH3, s, 3H); 1.10(t-butyl, s, 9H)





(CDCI3): 6 8.l5-7.25(Ar-H, m, 5H); 3.2O- 
2.40(-CH2CH2-, bm, 4H); 1.05(t-butyl, s, 
9H); 5.10-4.TOf-CHSOaPh, m, 1H)
Nmr Spectrum No. 53
B Product not 
obtained In 
pure form
(CDCI3): 6 8.l5-7.25(4r-H, m, 5H); 4.40- 
3.80(•0CH2CBS02Ph, m, 3H); 3.40-3-00 
(-CHgN-, m, 2H); 1.05(t-butyl, s, 9H)
Nmr Spectrum No. 54
[87] CH3CH-CHCHO
(trene)
A Uv spectrum 
not recorded
(CClJ: 6 9.50(-CHD, d, J-1,5 Hz, 1H); 
3.56(-OCBCHO, dd, J-1.5, 4.0 Hz, 1H); 
3.28-1.25(rlng-H, m, 3H); 1.22(-CH-, d, 
J-7.0 Hz, 3H); 1.08(t-butyl, s, 9H)
B Uv spectrum 
not recorded
(CC14): 6 9.62(-CH0, d, J-3.OHZ, 1H); 
4.45-3.75(-NOCH-, 5 line A3BX pattern, 
1H); 3.35-1.85(rlng-H, m, 3H); 1.33 














(CC14): 6 7.20(Ar-H, s, 5H); 4.86(-OCHPh, 
dd, J-7.0,7.0 Hz, 1H); 3.10-1.50(-CH2CHa-l 
m, 4H); 1.12(t-butyl, s, 9H)
TABLE XVIIIC (Continued




(CClJ: 6 7.60-7.00(Ar-H, m, 5H); 5.5O- 
5.10(-0CHSPh, m, 1H); 3.10-i.70(-CH2CH2-, 
m, 4H); 1.12(t-butyl, a, 9H)
[81] CHp-CH-0-CH2-CH(CH3)2
A




(CC14): 6 4.86(-OCHO-, dd, J-3.0, 4.5 Ha, 
1H); 3.60-1.40(-CHaCH2- and -OCHaCH-, 
m, 7H); i.04(t-butyl, s, 9H); O.9O 





i CHgCH-CBCOaCHa A 
(trans)





(CDCI3): 6 3.98(-OCBCOaCH3, d, J-6.0 Hz, 
1H); 3.73(-OC%, b, 3H); 3.40-I.9O (rlng- 
H, m, 3H); 1.50-1.00(-CHCEa and t-butyl, 
m, 12H)
Figure 18, page 91.




(CC14): 6 4.30-3.80(-0CH(CH3)-, 5 line 
AaMZ pattern, 1H); 3.tfFT-0C%, s, 3H); 
3.30-2.40(rlng-H, m, 3H); 1.28(-CHCHo. 
d, J-6.0 Hz, 3H); 1.04(t-butyl, s, 9H) 
Figure 19, page 92.
[31] CHg-CH-O-Ac A N (film): (00), 
5.75(a); 7.37(a); 
8.10(b); 10.19(b)
(CC14): 6 6.30-6.00(-0CHQAc, m, 1H); 
3*20-2.10(-CHaCHg-, m, 4h); 1.98(-0C0CHa, 









(CDCI3): 6 7• 52*7.10(Ar-H, m, 5H); 5.50- 
5.00(PhCH-, m, 9/13H); 4.55-4.10 
(-CHCOgCHa, m, 4/13H); 3.72(-0CH3, 8, 
3H); 3.62-2.50(rlng-H, bm, 3H); 1.18 
(t-butyi, b, 9H).
Nmr Spectrum No. 45.
TABLE XVIIIC (Continued)





(CC14): 6 7.08(Ar-H, s, 5»); 4.10- 3.55 
f-CHoCHCHp. 5 line A^BB'X pattern, 1H); 
2.90-2.35(-CHrf*, bm, 4h); 2.35-1.30(-CHg-, 
bm, 4H); 1.05(t-butyl, s, 9H)




(CClJ: 6 7.50-6.90(Ar-H, m, 5H); 3.10- 
1•90(-CHgCHg-, m, 4H); 1.48(-CH3, a, 
3H); 1.13(t-butyl, s, 9H)
[84] CH3CH-CHPh A 
(trans)




(CC14): 6 7.22(Ar-H, a, 5H); 4.28 
(-OCHPh, d ,  J-7.2 Hz , 1H); 3.35-2.80 
(rlng-H, m, 1H); 2.80-1.90(rlng-H, m, 
2H); 1.14(-C%, d ,  J*4.0 Hz, 3H); 1.12 
(t-butyl, s, 9H)
1. Numbers in parentheses refer to related data in Section III. Part C. Numbers in brackets refer to 
related discussions in Section II, Part B. For example, [84] refers to page 84.
TABLE XIXC
REACTIONS OF C-PHENYL-N-METHTLNITRONE WITH ALKENES AND ALKYNES: ANALYTICAL DATA









s m strong; 
m ■ medium; 










(CC14): 6 7.30(Ar-H, a, 5H); 4.95(-CHN02, 
ddd, J-3.0, 6.0, 6.7 Hz, 1H); [ABX octet: 
4.44(-0CHCN0o-cl8. dd, >3.0, 10.5 Hz, 
IH); U.1s(h5cBCN0o-trans. dd, J-6.7, 10.5 
Ha, 1H)]; 3.95(-CHPh-, d, >6.0 Hz, 1H); 
2.57(NCHs, s, 3H)
Mot isolated (CDC13): 6 7.26(Ar-H, s, 5H); 5.46 
(-CIM02, ddd, J-5.5, 8.0, 8.0 Hz, 1H); 
[ABX octet: 6 4.62(-OCHOK)P-ciB. dd, J« 
5.5, 10.5 Hz, IH); 4.3ippCHCN0o-trans. 
dd, J-8.0, 10.5 Hz, IH)J; 3.87(-CHPh, d, 













(CDCI3): 6 8.20-7.iO(Ar-H, m, 10H); 
5.0e(-0CHS0aPh, dd, >3.0, 8.3 Hz, IH); 
3.95(NCHPh, dd, J-6.0, 10.0 Hz, IH); 
3.70-2.50(-CH2-, m, 2H); 2.70 and 2.49 
(N-CH3 of els and trans isomers, s, 3H)
TABLE XIXC (Continued)
isil CH^-CHSOsaPh trans-B (only the trans 
Isomer Isolated)
265(1,070) (CClJ: (S02), 
7 .5 8 (b ) , 8 .6 7 (b ) ; 
(C-0), 9.21(m); 
6 .98 (w ); 14.36(m); 
14.57(n)
(CDCla): 6 7.95-7.20(Ar-H, m, 5H); 7.18 
(Ar-H, b ,  5H); 4.70-3.60(ring-H, m, 4h); 
2.58(NCIfe, s, 3H)




H-C*C-CsN C 251(5,ii<o) (film); (Caw), 
4 .5 0 (b ) ; (C-C), 




(CC14): 6 7.30(Ar-H, 8, 5H); 7.10(vinyl- 
H, d, J-2.0 Hz, IH); 4.78(PhCH-, d, J- 
2.0 Hz, IH); 2.85(-NCH3, b ,  3H)
1. Numbers In parentheses refer to related data In Section III, Part C. Numbers In brackets refer to 
related discussions In Section II, Part B. For example, (158) refers to page I58.
TABLE XXC
REACTIONS OF N-t-BUTYLNITRGNE WITH ALKYNES: ANALYTICAL BATA FOR ISOXAZOLINES




.MeOH _  , x 
Xmax 001 




s - strong; 
m - medium; 













(CCI4): 6 5.62(vlnyl-H, t, J-3.0 Hz, IH); 
4.05(-CH2-, d, J-3.0 Hz, 2H); 1.10(t- 
butyl, s, 9H)
Nmr Spectrum No. 51a.
265(4,690) (film): (Cdi), 
4 .5 0 ( b ) ;  (C-C), 
6.20(s); 6.86(a); 
7 . 4 0 ( s ) ;  8 .30( s ) ;  
8.84(b); 13.74(b)
(CClJ: fi 7.10(vlnyl-H, t, J-2.0 Hz, IH); 
4.O5C-CH2-, d, J-2.0 Hz, 2H); 1.10(t- 
butyi, s, 9H)






H-CaC-COsEt A 277(2,060) (film): (C-0), 
5.78(s); (C-C), 
6 .09( b ) ;  7.35(a); 
7.53(a); 7.85(a); 
8.00(8); 8 .2 4 ( b ) ;  
8.85(b); 9.82(8)
(CClJ: 6 5.60(vlnyl-H, t, J.2.5 Hz, IH); 
4.00(NCH2-, d, J-2.5 Hz, 2H); 1.10(t- 
butyl, s, 9H); [A3X£ pattern of -CH2CH3: 
4.20(-CHg-, q, J-7.3 Hz, 2H); l^-Clfe, 






H-C=C-C0^CjjH5 B 275(6,200) (film): (C-0), 
5 .8 3 (s ) ;  (C-C), 
6.08(s); 8.75(b); 
9.00(b); I5.21(m)
(CClJ: 6 7.H(vinyl-H, t, J-2.0 Hs, IH); 
3.98(NCH2-, d, J-2.0 Hz, 2H); l.lO(t- 
butyl, s, 9H); [A3X2 pattern of -CH^C^: 
1*.10(-CH2-, q, J-7.3 Hz, 2H); i.27(-C%, 








7 .3 6 ( s ) ;  8 .1 5 (s ) ;  
9 .1»8(s); 9 .7 7 ( s ) ;  
12.95(b); U.l5(b)
(CC14): 6 7.63-7.03(Ar-H, m, 5H); 5.00 
(vinyl-H, t, J-2.5 Hz, IH); U.00(-CH2-, 







258(295) (film): (C-0) 
5. 85(b ) ;  6.68(m); 
6.86(m); 7.31\®); 
8 .1 2 (b ) ;  13.30(b); 
H . 26(b)
(CC14): 6 7.10(Ar-H, s, 5H); 2.80-1.50 
(-CH2-, bm, 9H); 0.94(t-butyl, s, 9H)
1. Numbers In perentheses refer to related data in Section III, Part C. Numbers in brackets refer to 
related discussions in Section II, Part B. For example, (I58) refers to page I58.
151
a. Reaction of Nitroethylene and N-<t-Butylnltrone: Synthesis of
2-_t-Buty 1-5-Nit ro lsoxazol Id lne
A 0.23 g (3.1 nmol) quantity of nitroethylene and 1.61 g 
(3.U mmol) of N-£-butylnltrone solution (CC14, 2.1 nanol/g sol'n) were 
mixed in a test tube at 0° C, sealed under nitrogen, and allowed to 
slowly warm up to room temperature. After 3 minutes at room tempera­
ture, tic (75$» 1 elution) revealed one major spot (iodine development), 
Rf " O.3O. The reaction mixture was placed on a 20 x 1|0 cm silica gel 
pic plate and eluted twice with 30$ ethyl acetate In cyclohexane. The 
product totally decomposed on the pic plate and no recognizable com­
pounds could be Isolated. Likewise, an aluminum oxide pic plate could 
not be used. The product was stable in the reaction solvent under 
nitrogen for several days. Nmr spectrum (CC14): 6 5.6O-5.I4O (-OCHNOp,
m, IH); 3.20-2.60 (-CHpCHg-, bm, IfH); 1.13 (fbutyl, s, 9H).
b. Reaction of Nitroethylene and C-Phenyl-N-Methylnitrone:
Synthesis of els- and trans-2-Methyl-3-Phenyl-lt-Nltrolsoxazolldlne
Data for this reaction and the products are given In Tables 
XDCA-X2XC. Only the trans product could be Isolated. Tic (23$, 1 elu­
tion) of the reaction mixture contained two spots (uv and iodine detec­
tion), R^ ■ O.23, O.33. Preparative layer chromatography (silica gel) 
was accoeq>anled by total Isomerization (presumably due to the silica 
gel) to the more stable trans-product which was isolated and character­
ized. Isomerization (monitored by nmr spectroscopy) was also effected 
by shaking the reaction mixture In deuterochloroform with an aqueous 
potassium hydroxide solution.
The percentage of the clg Isomer in a reaction mixture was 
determined by nmr spectroscopy to be Nmr spectrum of cls-2-methvl-
3-phenyl-4-nitrolsoxazolldlne In CDC13: 6 7.26 (Ar-H, s, 5H); 5.1*6 
(-CHNOg, ddd, J - 5.5, 8.0, 8.0 Ha, IH); [ABX octet: 6 4.62 (-OCHCNOg-
cis, dd, J - 5.5, 10.5 Hz, IH); 4.3U (-0CHCN0grtrans. dd, J » 8.0,
10.5 Hz, IH)]; 3.87 (-CHPh, d, J - 8.0 Hz, IH); 2.61 (-NCH3 , *. 3*0.
c. Reaction of 1-N-Morpholino-1-Cyclohexene and N-^-Butylnltrone
A O.5I g (3.0 mmol) quantity of enamlne and I.5I g (3.2 mmol) 
of N-'t-butylnltrone solution (CC14, 2.1 mmol/g sol'n) were mixed at 
room temperature and the solution was heated In a sealed tube under 
nitrogen for 6 hrs. at 70°. The reaction mixture was placed on a pic 
plate and eluted twice with ethyl acetate. A 2.5 cm strip of the pic 
plate was exposed for 30 minutes In an Iodine developing tank. The 
major fraction (excluding the Iodine stained portion) was scraped from 
the plate and extracted with ethyl acetate (~ 200 ml). The solvent was 
removed at reduced pressure to afford 332 mg of a white solid which was 
crystallized from methylene chloride, mp 108-111° C. The nmr spectrum 
of the Isolated solid vaguely resembles the nmr spectrum of the reaction 
mixture. Anal. Calcd. for CnHgjNOg: C, 66.29; H, 10.62; N, 7.O3.
Found: C, 66.04; H, 10.83; N, 6.95. Ms: M+ , 199(16); 184(26);
124(14); 111(76); 102(20); 98(38); 83(24); 7M*«0); 70(32); 67(44);
57(100); 41(92). Ir: Spectrum No. 40. Nmr (CDC13): Spectrum No. 40.
A definite structure for this compound has not been assigned. 
Other workers have reported "unpredictable" products from the reactions 
of nitrones and enamlnes.34
d. Reaction of Phenyl Isocyanate and N-t-Butylnltrone: Synthesis 
of 2-t-Butyl-U-Phenyl-1,2,4-0xadiazolidIn-5-one
A 0.37 g (5.I nmol) quantity of phenyl isocyanate and 2.38 g 
(3.2 nmol) of N-t^butylnltrone (CC14, 1.3 mnol/g sol'n) were mixed at 
room temperature and heated at 5O0 In a sealed tube under nitrogen for 
1 hr. Tic of the reaction mixture had only one spot (uv detection).
The product was Isolated by pic [(50$, 1 elution), uv detection] In 82$ 
yield. Crystallization from benzene-petroleum ether (3O-6O0) gave 
white crystals, mp 102-104°. Anal. Calcd. for C, 65.42;
H, 7.3^; N, 12.72. Found: C, 65.64; H, 7.47; N, 12.78. Ms: M+ ,
220(72); 176(23); 164(100); 149(25); 120(38); 119(23); 105(24);
104(24); 93(**6); 77(38); 70(31); 57(49). Ir (CC14): (C-0), 5.68 n,
(s); (C-N), 7.12, (s); 6.26, (m): 14.54, (m); 14.87, (m). Uv (MeOH);
236 nm, (e 17,600). Nmr (CDC13): 6 7.6O-6.9O (Ar-H, m, 5H);
4.95 (-CHa-, s ,  2H); 1.20 (t-butyl, s, 9H).
A deuterochloroform solution of the compound in an nmr tube 
was shaken periodically for an hour with a solution of anhydrous 
NagC03 in DgO. No change In the nmr spectrum was observed. Conse­
quently, the product Is the 1,2,4-oxadiazolldln-5-one and not the
I,2,5-oxadiasolldln-4-one.
e. Reaction of Cyanoacetylene and JJJi-Diphenyl nit rone
A solution of 96.8 mg (0.49 mmol) of £,N-dlphenylnltrone In 
1.0 g of CDC13 was added to a solution of 36.8 mg (0.72 mmol) of cyano­
acetylene In O.5O g of CDC13 In an nmr tube. The reaction was completed 
after 3*3 hrs. at room temperature. The nmr spectrum of the reaction 
mixture had a singlet at 6 9*96, a doublet at 6 9*25, and several small
l'̂ ll
peaks between 6 6.5O and 6 3.00. Tic of the reaction mixture (50$, 1 
elution) had several spots (uv and Iodine detection) between R^ * 0.20 
and 0.60.
Apparently the U-substltuted A4- Isoxazoline Initially formed 
in the reaction was undergoing rearrangement to an azirldlne which was 
subsequently rearranging to a A4-oxazollne. 46 Rearrangements of A4- 
lsoxazolines are discussed in Section II B. Products of the reaction 
were not Isolated.
f. Attempted Reaction of Isopropenyl Acetate and N-^-Butylnltrone
A 75 mg (0.75 nmol) quantity of Isopropenyl acetate and O.56 g 
(0.73 nmol) of H-^-butylnltrone solution (CC14, 1.3 nmol/g sol'n) were 
dissolved In 1.0 g of CC14 In an nmr tube which was then purged with 
dry nitrogen and sealed with a flame.. The reaction tube was heated In 
an oil bath for a given length of time, removed and rinsed with acetone 
to remove the oil, and the mar spectrum was recorded. The results are 
summarised In the table below.
Peak Height of 
Methylene Proton Peak Height of Vinyl
Singlet of N-_t- Methyl Proton Singlet
Time Temp. Buty lnltrone of Isopropenyl Acetate1
0U"\CM X Y
1 hr 70° X Y
1 hr 80° X Y
1 hr 90° X Y
1 hr 110° i  x Y
lhr 120° 1 / 1 0 X Y
The nitrone was apparently decomposing or dlmerlslng. A
similar reaction mixture was heated at 100° C for five hours. The
g.£-butylnltrone slowly disappeared from the reaction mixture, while 
the Isopropenyl acetate remained unchanged.
g. Attempted Reaction of Ethoxy acetylene and N_-t>Buty lnltrone
Optimum reaction conditions were determined by following a 
small scale reaction of 51 mg (0.73 mmol) of ethoxyacetylene [Nmr 
(CC14): 6 4.05 (-CHsr, q, J - 7.5 Hz, 2H); I.38 (-CH3, t, J - 7-5 Hz,
3H); 1.34 (acetylenlc —  H, s, IH)] and 0.61 g (0.78 mmol; CCl4, 1.3 mmol/g 
sol'n) of N-^-butylnltrone solution In 1.0 g of carbon tetrachloride 
by nmr spectroscopy. After 2 hrs. at 5O0 In a sealed tube under nitro­
gen, the methylene proton singlet of N-t-butylnltrone at 6 6.30 had 
disappeared. The most distinguishing features of the nmr spectrum of 
the reaction mixture was a broad and weak multlplet at 6 4.60, a 
singlet at 6 1.98, a doublet at 6 1.72, and a broad Intense multlplet 
at 6 O.9O-I.63. A tic (50$, 1 elution) of the reaction mixture had two 
major spots (iodine development).
A 0.24 g (3*4 nmol) quantity of ethoxyacetylene and 3.38 g 
(4.3 mmol) of N-£.-butylnltrone solution (CC14, 1.3 nmol/g sol'n) were 
heated In a sealed tube under nitrogen at 5O0 for 2 hrs. Five fractions 
were Isolated by pic [(?0£, 1 elution), Iodine detection, product extrac­
tion from silica gel with diethyl ether]. The nmr spectra of these 
fractions revealed that the reaction product(s) had decomposed on the 
pic plate.
h. Attempted Reaction of Vinylldene Cyanide and jJ^t-Butylnltrone
A 0.93 g (1.2 mmol) quantity of J£-.t-butylnltrone solution 
(CC14, 1.3 nmol/g sol'n) was filtered through a two-inch column of
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anhydrous MgS04 and collected in a flame dried nmr tube. Vinylldene 
cyanide (0.10 g, 1.5 mmol) dissolved In 2 ml of CC14 dried over P̂ O.̂  
was added dropwlse with a flame dried plpet to the N-t-butylnltrone 
solution. The reaction was rapid and very exothermic. A white gel 
which was foroied lmed lately slowly developed a red-orange color even 
when stored under dry nitrogen.
Numerous attempts to carry out this cycloadditIon were without 
success. The N-t-butylnltrone solution was also dried over anhydrous 
CaCl2 to remove any t-butylamine present. Again, polymeric material 
was formed. A carbon tetrachloride solution of N-£-butylnltrone free 
of t-butylamlne and t-butylhydroxylamine contamination was specifically 
prepared for this reaction (Section III B) to no avail. Dilute solu­
tions of vinylldene cyanide were added dropwlse under argon to a dilute 
stirred solution of N-t>butylnltrone and vice-versa. Polymeric material 
was always formed.63
1. Attempted Reaction of Vinylldene Cyanide and C-Phenyl-N- 
Methylnltrone
Efforts to react C-phenyl-N-methylnitrone with vinylldene 
cyanide In benzene were totally unsuccessful. The C-phenyl-N-methyl- 
nltrone was crystallized from benzene-petroleum ether and sublimed at 
70° and 0.5 mm. As with the attempted fi-j^-butylnltrone reactions, 
polymeric material was always formed.63
lr>7
2. Related Reactions
a. Attempted Oeuteratlon of 2-Methyl-3-Phenyl-5-Benzenesulfonyl- 
isoxazolldine
To a solution of 10 mg of EtONa In 3 ml of EtOD was added 
155 mg of the lsoxazolldlne. The mixture was stirred under nitrogen 
at room temperature for 9 days. A few drops of D^O were added to the 
basic solution and the mixture was placed on a layer of anhydrous 
NS2S04 supported on a fritted glass filter. The lsoxazolldlne was 
flushed through the filter with chloroform at reduced pressure. The 
solvent was removed at reduced pressure, the residue was dissolved In 
deuterochloroform, and an nmr spectrum was recorded. No deuterium 
exchange had occurred. (See Tables XKA-KEE for preparation and charac­
terization data for 2-methyl-3-phenyl-5-benzene-sulfonyllsoxazolldine).
Similarly, the lsoxazolldlne did not undergo deuterium ex­
change In EtOD/KOH at 80° after 18 hrs.
b. Deuteratlon of trans-2-Methy1-3-Phenyl-4-Benzenesulfonyl- 
lsoxazolldlne
To I50 mg of the lsoxazolldlne In 1 ml of CDC13 was added 
3 ml of a dilute D^O/KOH solution. A few drops of dry THF were added 
and the mixture was stirred at room temperature for 18 hrs. under 
nitrogen. Subsequently, the mixture was placed on a layer of anhydrous 
Na£S04 supported on a fritted glass filter. The lsoxazolldlne was 
flushed through the filter with chloroform at reduced pressure. The 
solvent was removed at reduced pressure, the residue was dissolved In 
deuterochloroform, and an nmr spectrum was recorded. Total deuterium
i5a
exchange had occurred. (See Tables XIXA-XXXC for preparation and charac­
terization data for trang-2-methy1-5-pheny1-4-benzenesulfony1lsoxazo11- 
dlne).
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(?CH2- , q, J-9.5 Hz, 





c. Rearrangement of 4-Substituted -A4-Isoxazollnes
Baldwin at al.,*e have reported rearrangements of A4- 
isoxazolines to azlridlnas followed by subsequent rearrangements to A4- 
oxazolines. The rearrangements reported here were monitored by nmr 
spectroscopy and the products were not isolated. Under identical con­
ditions, the nmr spectrum of the corresponding 5-substituted-A4-lsoxazo* 
lines remained unchanged. Preparation and characterization data for
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the 4- and ^-substituted-A4-isoxazolines are given in Tables XIXA-XIXC 
and XXA-XXC.
(1) Rearrangement of 2-Jt-Butyl-4-Cyano-A4- Isoxazollne
A sample of the isoxazollne in carbon tetrachloride was 
heated in an nmr tube under nitrogen at 80°. After 4.5 hrs., the
methylene doublet of the Isoxazollne at 6 4.05 had completely disap­
peared. The nmr spectrum of the rearrangement product(s) had singlets 
at 6 9*25 And 6 6.52, a doublet at 6 3*35» end a complex multlplet at 
6 1.60-1.10. Tic (75$» 1 elution) had only one major spot (iodine 
development), Rf - 0.60.
(2) Rearrangement of 2-^-Butyl-4-Carboethoxy-A4-Isoxazollne
A sample of the Isoxazollne in carbon tetrachloride was 
heated In an nmr tube under nitrogen at 80°. After 16 hrs. the vinyl
proton triplet of the Isoxazollne at 6 7.10 had almost disappeared.
The nmr spectrum of the rearrangement product(s) had broad and complex 
multiplets centered at 6 4.15 and 6 1.28 and broad singlets at 6 9.9,
6.67, 3.37, and 3*05* Tic (20$, 1 elution) had one major and two minor 
spots (Iodine development), R^ ■ 0.20, O.33 (major), and O.5O.
(3) Rearrangement of 2-Methyl-3-Phenyl-4-Cyano-A4-Isoxazollne
A sample of the Isoxazollne in carbon tetrachloride was 
heated In an nmr tube under nitrogen at 85°. After 7.5 hrs., the 
methlne proton doublet of the Isoxazollne at 6 4.78 had disappeared.
The nmr spectrum of the rearrangement product(s) had a singlet at 6 9.92, 
and complex aultlplets centered at 6 7*50 and 6 2.80. Tic (50$, 1 
elution) had one major and two minor spots (uv detection), R^ • 0.07,
0.30, and 0.47 (major).
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d. Solvent Effect Studies
2,4,6-Trlmethylbenzonltrlle oxide reacts with methyl proplo- 
late to give a mixture of the reglolsomerlc Isoxazoles, the ratio of 
which Is solvent dependent. Hulsgen has found that the ratio of It- to 
^-substituted Isoxszoles formed In cyclohexane Is 75:25, and that the 
ratio Is 56: Mt In methanol. 66 A similar solvent dependency for the 
formation of 4- and 5-substltuted lsoxazolines In the reaction of N-t.- 
butylnltrone with cyanoacetylene and ethyl proplolate was Investigated. 
Product ratios of reaction mixtures were measured by nmr spectroscopy.
(1) Reaction of Ethyl Proplolate and N-t>Butylnltrone In 
Methanol-(l4
The acetylenlc proton of ethyl proplolate slowly undergoes 
deuterium exchange with CD30D at 25° (60$ exchange In 1.5 hr.) However, 
the cycloaddltlon reaction was rapid and the deuterated solvent could 
be used.
A 77 mg (0.76 mmol) quantity of N-fbutylnltrone was dis­
solved In 0.25 g of CD3OD and a 79 mg (0.81 mmol) quantity of ethyl 
proplolate was dissolved In 0.25 g of CD30D. The two solutions were 
mixed and left standing at room temperature In an nmr tube under nitro­
gen for 1 hour. Integration of the vinyl proton absorptions at 6 8.0 
(2-t'-butyl-U-carboethoxy-A4-lsoxazollne) and 6 7.5 (2-t-butyl-5- 
carboethoxy-A4-Isoxazollne) gave a ratio of 1:1.7 for the two adducts, 
respectively. A similar reaction In CC14 gave a corresponding ratio of 
1:1.6.
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(2) Reaction of Cyanoacetylene and N-t-Butylnitrone In Methanol
Cyanoacetylene was Instantly deuterated In CD3OD; consequently, 
the deuterated solvent could not be used.
A 79 ®8 (0.78 nanol) quantity of N-t-butylnltrone was dissolved 
In 0.90 g of CH3OH and 43 ®g (0.84 nanol) of cyanoacetylene was added 
dropwlse. The mixture was left standing In a sealed tube under nitrogen 
at room temperature for 1 hr. The methanol was removed at reduced pres­
sure, the residue was dissolved In CC14, and the nmr spectrum was re­
corded. Integration of the vinyl proton resonances at 6 7.10 (2-1- 
butyl-4-cyano-A4-l80xazollne) and 6 5.62 (2-,t.-butyl-5-cyano-A4-Isoxazo­
llne) gave a 1:1 ratio. Changing solvents Introduced some Impurities 
which reduced the accuracy of Interpreting the Integrations. An Identi­
cal reaction gave the same results. A similar reaction In CC14 gave a 
corresponding product ratio of 1.1:1.
PART D Cycloadditlons with Fulvenes
No reactions of nltrones and fulvenes have been reported In 
the literature.
Products for these reactions were isolated as described In
Part C.
1. Reaction of 6,6-Dlmethylfulvene and &.£rButylnitrone
A 0.28 g (2.6 nmol) quantity of 6,6-dimethyIfulvene was 
added to 2.25 8 (2.9 nmol) of N-t^butylnltrone solution (CC14, 1.3 nmol/g 
sol'n) and the mixture was heated under nitrogen for 1 hr. at 70°. Five 
fractions were isolated by pic (25*, 1 elution, uv and Iodine detection). 
The two fastest moving fractions were less than 11 mg each and were dis­
carded. The methyl proton absorptions In the nmr spectra of the remain­
ing three fractions were at 6 1.6-1.8 ppm indicating that no addition 






M+ , 2 0 7 (1 9 ); 121 (15 ); 
120( 27) ;  119(7*0; 106( 100) ;  
1 05 (4 2 ); 9 1 (83) ;  7 9 (1 7 ); 
7 7 (1 9 ); 65( 15) ;  5 7 (7 5 ); 












2. Reaction of 6 ,6-DlphenyIfulvene and N-t-Butylnltrone
A 0.20 g (0.87 nmol) quantity of 6,6-diphenylfulvene was added 
to O.'fk g (O.96 nmol) of N-t-buty lnltrone solution (CCI4, 1.3 nmol/g 
sol'n) and the mixture was heated under nitrogen at 70° for 1 hr. Five
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fractions were isolated by pic (25$, 1 elution). The fastest moving 








M+ , 331(18; 2W(30); 
21*3(55); 232(39); 231(91); 
230(100); 229(70); 228(36); 
215(32); 202(20); 11*9 (38); 
70(18); 57(39).
M+ , 331(3); 2l*l*(22); 
(21*3(6); 230(6); 229(6); 
77(2); 51(31); 1*9(100); 
1*7(12).
Fraction 5 11$ M , 230(3); 101(6);
(2:1 adducts) 57(35); 1*1(100). M.W. of 
fulvene - 230.32; M.W. of 
nltrone ■ 101.16
The mass spectrum o£ di- 
phenylfulvene has M “ 230 








tons and 18-1- 
butyl protons.
3 . Reaction of 6-Methyl-6-Phenylfulvene and N-t-Butylnltrone
A O .58 g (3*1* nmol) quantity of methylphenylfulvene was dis­
solved In a CC14 solution of excess N-t.-butylnltrone. The mixture was 
heated under nitrogen at 70° for k.5 hrs. Three fractions were Isolated 
by pic (25$, 1 elution, uv detection). The nmr spectrum of the fastest 
moving fraction of 1*0 mg was recorded and the sample discarded.
Fraction 2 was shown to be a mixture of two products by tic.
A methyl proton absorption at 6 2.12 ppm In the nmr spectrum Indicated 
that no addition occurred across the exo double bond. The integrated 
ratio of the aromatic proton absorptions at 6 7.20 and the t>butyl 
proton absorptions at 6 1.07 and 6 O .96 Is 5:9 , respectively. The 
components of the mixture were then two of the four possible thermally
16k
allowed one-to-one cycloadducts. The parent peak of the mass spectrum 
of Fraction 2 was 269, and the products were Isolated In 67$ yield.
See Nmr Spectrum No. 78.
Fraction 3 was shown to be a mixture of two or more components 
by tic. The nmr spectrum of the mixture had a methyl proton absorption 
at 6 2.12 and no oleflnlc proton absorptions In the region 6 5.0-7.0 .
The integrated ratio of the aromatic proton absorption and the t^butyl 
proton absorptions in the nmr spectrum was 3:18, respectively. It fol­
lows that Fraction 3 was a mixture of two or more of the eight possible 
two (N-t-butylnltrone) to one (6-methyl-6-phenylfulvene) cycloadducts. 
The products were Isolated In 28$ yield.
4. Reaction of 6 ,6-Dlphenylfulvene and C-Phenyl-N-Methylnltrone
C-phenyl-N-methylnltrone (0.22 g, 1.6 mmol) and dlphenyl- 
fulvene (O.38 g, 1.6 mmol) were dissolved In ~  5 ml of jtylene and the 
solution was heated under nitrogen at Ut0° for 17 hrs. The mixture 
was placed on a pic plate and eluted once with 10$ ethyl acetate in 
cyclohexane and once with 6$ ethyl acetate in cyclohexane. Four prod­
ucts were isolated - two as sharp melting solids. Data for the four 
possible one-to-one cycloadducts are sunmarized below. The tetra- 
substituted exo double bond of the fulvene Is, of course, unreactlve. 67
Yield Uv Spectrum
Product ($ Theo.) mp (Cyclohexane)
A 28 127-128° 287 (e 19,000)
B 9
c 19
D 21 183-181*° 207 (e 1*5,000)
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The parent peek In the ness spectrum of each product was 565. 
The nmr spectrum of each compound had oleflnlc proton absorptions In 
the region 6 5.0-7.0.
5. Reaction of 6,6-Dlmethylfulvene and C-Phenyl-N-Methylnitrone
C-phenyl-N-methylnltrone (1.0 g, 7.5 mmol) and dlmethylfulvene 
(3*3 g> 31*^ nmol) were dissolved In ~  10 ml of benzene and heated under 
nitrogen at 80° for if days. A portion of the reaction mixture was 
placed on a pic plate and eluted once with 5$ ethyl acetate In cyclo­
hexane and once with 2$ ethyl acetate In cyclohexane. Products were 
extracted from the silica gel with methylene chloride. Data for the 
reaction Is summarized below.
Product Yield mp Mol.Wt.
A U 5# 120.5-123° 3I47
B 23# 175-176° 2ifl
C 8# 3U7
D 2k<f> 2hl
Molecular weights were determined from mass spectra. The 
lower molecular weight products are one-to-one adducts while the higher 
molecular weight products are two (fulvene) to one (nltrone) adducts. 
Nmr spectra were recorded, but no structure assignments were made.
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